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Abstract 
 
Increasing global competition, rapid technological changes, advances in manufacturing and 
information technology and discerning customers are forcing supply chains to adopt 
improvement practices that enable them to deliver high quality products at a lower cost and in 
a shorter period of time. A lean initiative is one of the most effective approaches toward 
achieving this goal. In the lean improvement process, it is critical to measure current and 
desired performance level in order to clearly evaluate the lean implementation efforts. Many 
attempts have tried to measure supply chain performance incorporating both quantitative and 
qualitative measures but failed to provide an effective method of measuring improvements in 
performances for dynamic lean supply chain situations. Therefore, the necessity of 
appropriate measurement of lean supply chain performance has become imperative. 
There are many lean tools available for supply chains; however, effectiveness of a 
lean tool depends on the type of the product and supply chain. One tool may be highly 
effective for a supply chain involved in high volume products but may not be effective for 
low volume products. There is currently no systematic methodology available for selecting 
appropriate lean strategies based on the type of supply chain and market strategy.  
This thesis develops an effective method to measure the performance of supply chain 
consisting of both quantitative and qualitative metrics and investigates the effects of product 
types and lean tool selection on the supply chain performance. 
Supply chain performance matrices and the effects of various lean tools over 
performance metrics mentioned in the SCOR framework have been investigated. A lean 
supply chain model based on the SCOR metric framework is then developed where non- lean 
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and lean as well as quantitative and qualitative metrics are incorporated in appropriate 
metrics. The values of appropriate metrics are converted into triangular fuzzy numbers using 
similarity rules and heuristic methods. Data have been collected from an apparel 
manufacturing company for multiple supply chain products and then a fuzzy based method is 
applied to measure the performance improvements in supply chains. Using the fuzzy TOPSIS 
method, which chooses an optimum alternative to maximise similarities with positive ideal 
solutions and to minimise similarities with negative ideal solutions, the performances of lean 
and non- lean supply chain situations for three different apparel products have been 
evaluated. 
To address the research questions related to effective performance evaluation method 
and the effects of lean tools over different types of supply chains; a conceptual framework 
and two hypotheses are investigated. Empirical results show that implementation of lean tools 
have significant effects over performance improvements in terms of time, quality and 
flexibility. Fuzzy TOPSIS based method developed is able to integrate multiple supply chain 
matrices onto a single performance measure while lean supply chain model incorporates 
qualitative and quantitative metrics. It can therefore effectively measure the improvements 
for supply chain after implementing lean tools. It is demonstrated that product types involved 
in the supply chain and ability to select right lean tools have significant effect on lean supply 
chain performance. Future study can conduct multiple case studies in different contexts.     
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Chapter 1 
Introduction 
 
Since 1980s, the ever-increasing competitive imperatives of cost efficiency and customer 
responsiveness have pushed firms to pursue new business strategies and technologies in order 
to achieve and sustain competitive advantages (Chan et al., 2006). In recent years, firms have 
realised the potential of effective supply chain management (SCM) in achieving efficient and 
cost effective operations. The pursuit of effective SCM has intensified the demand for speed, 
flexibility, waste elimination, process control, people utilization and global reach to gain 
competitive advantages. Well-designed supply chain systems can substantially improve 
efficiency and product quality, and eventually enhance customer satisfaction and profitability. 
Adapting lean process across supply chain partners can minimize wastes and lead times as 
well as can add values to customers. Lean supply chain is a modern performance 
improvement technique by which supply chain performance can be monitored continuously 
and measured effectively by reducing wastes and cost. Effective performance measurement 
(PM) is a vital task in SCM because it can help to monitor the overall performance, identify 
weak areas, enhance motivation, and strengthen accountability of supply chain. Therefore, to 
understand how competitive a supply chain; it is necessary to understand and measure the 
performance of overall supply chain.  
Gunasekaran et al. (2004) and Gomes et al. (2011) stated that business goal could be 
achieved by balancing financial and non- financial measures for the selection of performance 
metrics. Choosing only financial measures promotes short term thinking as well as the barrier 
of strategic innovations. Moreover, performance evaluation methods that rely on financial 
measures are not well suited for newer generation of SCM applications (Bhagwat and 
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Sharma, 2007). The complex supply chains typically seek to provide a wide range of benefits 
by including intangible metrics in performance measurement. In addition to that, 
Gunasekaran et al. (2001) and Pun and Sydney, 2005) emphasised on the necessity for 
considerations of quantitative and qualitative measures for effective performance 
measurement. For this reason, this thesis documents an effective way of measuring supply 
chain performance integrating quantitative and qualitative measures into single performance 
indicator by which improvements in performances for dynamic supply chain can be measured 
and monitored. The effects of product type on lean tool selection and therefore supply chain 
performance in competitive environment will also be examined. This chapter begins with 
brief overviews of existing literature on supply chain performance measurement models, 
leanness evaluation models and fuzzy based models identifying significant strengths and 
possible weaknesses of those models. Research problem and gaps are then identified 
followed by research questions and hypotheses which will satisfy the objective of this study. 
Research methodology and expected contribution will then be discussed. The chapter 
concludes by describing the outline of this thesis and definitions throughout the thesis.        
1.1 Supply Chain Performance Measurement Models 
 
Measuring supply chain performance can facilitate a better understanding of supply chain 
activity, positively influence supply chain players’ behaviour and lead to improvements in its 
overall performance (Chen and Paulraj, 2004). Various performance measurement systems 
have recently been devised to aid firms in selecting and implementing measures (Pun and 
Sydney, 2005).  During the evolution of SCM, a steady stream of literature has presented 
many kinds of models and theories (Chan et al., 2006). Pun and Sydney (2005); Chan et al. 
(2006); Saad and Patel (2006) reviewed recent literature and developments of supply chain 
PMS and identified various performance evaluation models such as the strategic 
 3 
 
measurement analysis and reporting technique system (SMART), performance measurement 
questionnaire (PMQ), balanced scorecard approach, strategic performance measurement 
system, integrated dynamic performance measurement system (IDPMS) and holistic process 
performance measurement system (PPMS). Considering content, context and process, Akyuz 
and Erkan (2010); Cuthbertson and Piotrowicz (2011) illustrated PMS models in three areas: 
conceptual, empirical and mathematical approaches. 
 Neely et al. (2005) focused on performance measurement system design rather than 
details of specific measures. They discussed comprehensive reviews of individual measures 
of performances in terms of quality, time flexibility and cost; the performance measurement 
system as an entity; and the performance measurement system and its environment and 
proposed a supply chain performance evaluation benchmarking process. They mentioned 
about lack of strategic focus on traditional performance metrics where quality, responsiveness 
and flexibility were not included.  
A framework for measuring supply chain performance, considering three measures: 
resource, output and flexibility was presented by Beamon (1999). This framework developed 
a new way of flexibility measurement considering product mix and new product flexibility. 
Although his framework was accurate and effective, he only developed flexibility 
measurement, rather than a complete performance measurement method considering 
resource, output and flexibility together.  
In another research, Gunasekaran et al. (2001) developed a framework for measuring 
the strategic, tactical and operational levels of performance in a supply chain. The emphasis 
was on performance measures dealing with suppliers, delivery performance, customer 
service, and inventory and logistics costs in an SCM but did not provide a framework 
considering non-lean and lean metrics which could help to measure improvements.  
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 Chae (2009) developed performance indicators (PIs) for each of the supply chain 
operations reference (SCOR) processes (plan, source, make and deliver) that revealed the gap 
between planning and execution. But his approach was unable to identify standard metrics for 
complex triad supply chain systems where multiple suppliers or customers were present.  
Otto and Kotzab (2003) presented six unique sets of metrics to measure the 
performance of SCM in the fields of system dynamics, operations research/information 
technology, logistics, marketing, organization and strategy. Most of the frameworks were 
able to measure supply chain performance (SCP) effectively but did not include appropriate 
measurement matrices that incorporated non-lean and lean metrics. Moreover, none had 
provided any complete supply chain performance measurement method.   
 Empirical studies are essential for SCM to validate and evaluate the models proposed 
by practitioners and researchers. Cuthbertson and Piotrowicz (2011) have examined the 
movement of current PM methodologies from conceptual to empirical. The choice of a 
combined qualitative and quantitative methodology is essentially motivated by the need to 
gain an insight into the implementation and the relevance of the concepts of SCM and PMSs. 
Gunasekaran et al. (2004) conducted a survey of British companies and identified best 
performance metrics considering supply chain processes and activities. But they failed to 
provide standard guidelines for selecting metrics and measurement.  
A conceptual framework for measuring tomato supply chain performance was 
proposed by Aramyan et al. (2007). Although their hypotheses of key performance metrics 
(efficiency, flexibility, responsiveness and quality) were proved to be significant for 
performance measurement, they did not provide any suitable technique to measure overall 
performance across multiple metrics with financial and non- financial measures. Martin and 
Patterson (2009) also identified the most useful metrics for measuring performance as 
companies implemented SCM practices and found inventory and cycle time to be more 
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significant metrics compared to financial metrics. But performance measurement for an 
extended supply chain, considering upstream and downstream, has yet to be determined.  
Hofmann and Locker (2009) investigated a value-based PM method in supply chains. 
The result showed a direct link between operating supply chain activities and shareholder 
value creation expressed in the economic value added (EVA). However, only a limited 
number of performance indicators were evaluated and the selection process for those 
indicators would have to be improved. Moreover, non-financial measures such as customer 
satisfactions and quality of supplier were not included.   
 
In practice, companies are now utilizing different performance management tools to 
support their supply chain strategies and to monitor and evaluate the overall supply chain 
performance. The complex PMS can now be structured and analysed by different quantitative 
and analytical models and methods. For example, Najmi and Makui (2010) used a new 
methodology which is a combination of an analytic hierarchy process (AHP) and a decision 
making trial and evaluation laboratory (DEMATEL) to rank various parameters which effect 
the overall performance of the supply chain. They proposed a framework for extraction of 
performance measures, which linked the performance strategy and supply chain 
characteristics considering the mutual dependencies of each parameter. Although the 
methodology was effective to chose best supplier; but was comparatively more complex due 
to a large number of dependencies among parameters.   
Some researchers have used AHP methodology for integrating their models with other 
multi criteria decision-making (MCDM) approaches (Sureshchandar and Leisten, 2006; 
Berrah and Cliville, 2007; Xia et al., 2007; Sharma et al., 2008). For instance, a supplier 
performance evaluation model based on AHP and data envelopment analysis (DEA) was 
constructed by Kang and Lee (2010). DEA was applied first to evaluate quantitative factors, 
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and the results were transformed into pair wise comparison values for AHP analysis. The 
final performance results, which were obtained by combining quantitative and qualitative 
metrics, were very useful to select the best supplier but determination of pair wise 
comparisons for performance metrics were very complex and difficult for managers since 
they needed to collect information from multiple suppliers. Bhagwat and Sharma (2007) and 
Cai et al. (2009) also proposed an AHP based solution approach as an aid in making SCM 
evaluation decisions and PMs. But for many cases in MCDM applications, the decision 
problems cannot be structured hierarchically with AHP solutions because they involve the 
interaction and dependence of higher-level elements on a lower-level element. Among the 
available multi-attribute decision-making methods, only the analytic network process (ANP) 
can be used to evaluate performance systematically due to the dependencies and feedback 
caused by the mutual effects of the criteria (Luo et al., 2010). ANP was applied for 
considering interactions among the parameters of a supply chain performance evaluation 
model (Isik et al., 2007). So, ANP method can be applied where dependencies among 
performance criteria are known and measured effectively. 
In many cases, a combination of methodologies was used for integrating models 
(Jyoti et al., 2008; Taticchi et al., 2009). Moreover, companies are now adapting different 
techniques to evaluate performance. A neural network-based supplier selection and supplier 
performance evaluation system was proposed by Aksoy and Öztürk (2011). Their model 
examined different input parameters (quality, JIT, location of supplier and price) and showed 
that the proposed systems can be used effectively to evaluate the performance of supply chain 
but the result with the neural network solution might vary for different supply chain areas for 
different performance measures. Ho (2007) proposed an integrated method to evaluate the 
performance of a three-echelon enterprise resource planning (ERP) based supply chain 
system. The results showed that the performance of an ERP-based supply chain was 
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significantly affected by the selected lot-sizing rule but the method of measuring the supply 
chain did not consider the distribution network, which was an inconsistency for a 
performance measurement method.  
Methods such as AHP and ANP are very useful to prioritize measures and metrics 
within the supply chain, while the DEA method usually identifies value added activities. But 
very few can measure supply chain performance in a dynamic environment.  
In recent years, firms have realised the potential of effective supply chain 
management (SCM) in the management of day-to-day operations. To gain competitive 
advantages, the demand for speed, flexibility, waste elimination, process control, people 
utilization and global reach has been driven by the pursuit of effective SCM. So, it is 
important to measure the supply chain performance after implementing changes such as lean 
tools and techniques to eliminate waste and non-value added activities. Measurement should 
be done before and after the implementation of lean tools and techniques to evaluate the 
impacts of changes on SCP.  
1.2 Supply Chain Leanness Evaluation Models  
 
Manufacturers have been trying to optimize their operations, supply chain and resource 
allocations to remain competitive in global markets by applying a lean approach in their 
companies (Liker and Meier, 2006). One of the major techniques to improve SCM 
performance is lean approach which is defined as a set of tools and methodologies that aims 
for the continuous elimination of all waste in the supply chains (Agus and Hajinoor, 2012). 
Many attempts have been made to reduce wastes and increase profit, but companies around 
the world are struggling to establish an effective process within their supply chains. Behrouzi 
and Wong (2011) pointed that the lack of clear understanding about lean performance and 
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measurement is a significant reason for this failure. Wan and Chen (2008) suggested value 
stream mapping, lean assessment tools and lean metrics as the three pillars of leanness 
measurement.  
The balanced scorecard and supply chain operations reference (SCOR) framework 
have been integrated in a supply chain performance measurement framework by Thakkar et 
al. (2009) for the context of small and medium businesses. The framework effectively 
outlined different supply chain process metrics with supply chain cycles such as procurement 
and manufacturing, and proposed detailed guidelines for their implementation. But four 
implementation factors: strategy, leadership, capability and culture were not clearly 
connected to a PMS framework. Since these factors are mutually connected with each other 
as well as with performance measurement models; the PMS framework excluding these 
factors cannot be justified properly as well as can provide imperfect performance measure in 
dynamic supply chain environment.  
Bhasin (2008) proposed a dynamic multi-dimensional performance (DMP) framework 
that not only focused on the intangible and intellectual assets but also facilitated the 
examination of future organizational success on multiple time horizons. His framework 
proved to be successful in measuring five dimensions of organizations: financial, market 
measures, process, people and future changes but failed to measure performance across the 
whole supply chain. Moreover, there is a need to develop dynamic rather than static PMSs.  
 In the past, various lean assessment surveys have been conducted by lean practitioners 
and researchers (Karlsson and Ahlstrom, 1996; Soriano and Forrester, 2002; Fullerton and 
Wempe, 2009). Most of their surveys were conducted in manufacturing organizations only 
and had provided different lean indicators and checklists to assess the change of existing 
systems towards a lean or a leaner approach. Results of the research were often shown as 
scores presenting the differences between the current state of the system and the ideal 
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conditions predefined in the surveys, which provided an overview of the level of leanness or 
lean performance. For example, an attempt has been made by Li et al. (2005) to develop 
SCM practices and a performance measurement system. Strategic supplier partnership, 
customer relationship, information sharing, information quality, internal lean practices and 
postponement were assumed to be SCM practices. The results showed significant 
performance improvements for SCM practices, hence this study could be useful for managers 
to evaluate the strengths and weakness of current SCM practices.  
On the other hand, Li et al. (2005)’s study evaluated SCM practices from the 
standpoint of a manufacturing firm, which might not appropriate for distributers and retailers. 
Inter- organizational relationships such as trust, risk etc. as well SCM contextual factors like 
firm size, market position and product types were not incorporated into the SCM practices. 
The results from a survey by Agus and Hajinoor (2012) revealed that “reduced setup time” 
was the main factor in the linkage between lean production, product quality and business 
performance. However, they failed to measure performance in terms of the balance between 
product quality and business performance.  
Florent and Zhen (2010) established a supplier evaluation index system for the lean 
supply chain environment while Wu and Wee (2009) used a case based approach to 
demonstrate the effects of a lean supply chain over product cost and quality. Although the 
models showed the positive effects of lean supply chain practices over SCM, most of the 
companies aimed at short term strategies for lean production rather than adopting continuous 
improvement techniques, therefore failing to achieve long term benefit.  
 In comparison to qualitative surveys, quantitative metrics and models provide more a 
rigorous leanness score. Though quantitative methods provide more accurate leanness 
evaluation, many of the researchers developed leanness evaluation models only for 
manufacturing process rather than for the entire supply chain. Wan and Chen (2009)  
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developed a web-based lean implementation approach which generated both lean scores and 
improvement guidelines according to the type and condition of the existing system. The 
model could be updated continuously to keep up with available technology and managerial 
techniques. But the model has only taken into account the volume and repetitiveness of same 
products and volume of order while other criteria such as price, firm size and technology 
were not included.  
Agarwal et al. (2006) presented a framework which encapsulated market 
sensitiveness, process integration, information drivers and flexibility measures of supply 
chain performance. The relationship among lead time, cost, quality, and service level and 
their effect on leanness and agility for a supply chain case was analysed. Their proposed 
method to measure leanness was a significant contribution to current knowledge but 
compared to other MCDM methods, the approach was relatively cumbersome. More than one 
hundred pair-wise comparisons between performance metrics were required and so it was 
very difficult to make strategic and managerial decisions based on the resulting data. 
 As has been demonstrated above, several different methods for evaluating lean supply 
chain performance have appeared in the literature. Although each of these methods offers 
advantages under specific conditions, none provide a general methodology for combining 
multiple criteria or attributes into a single measure of supply chain performance by which 
practitioners can easily evaluate their supply chains. In this context Arshinder et al. (2008) 
mentioned the challenges of effective supply chain coordination and performance evaluation 
since supply chains are generally complex and characterized by numerous activities spread 
over multiple stages.  
Moreover, the importance of evaluating lean supply chain performance in a dynamic 
environment for long term benefit has not been addressed. Since lean tools can minimize 
waste and reduce overall costs for the supply chain, performance evaluation model needs to 
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address the effects of improvement tools over the entire process of the supply chain. In 
addition, models need to include quantitative and qualitative ways to measure the overall 
supply chain performance under lean conditions. In this case, fuzzy logic can be an effective 
technique to measure and evaluate supply chain performance, including quantitative and 
qualitative metrics.  
1.3 Fuzzy Based Supply Chain Models   
 
Fuzzy logic is a technique which considers variables to be included in a set based on their 
degrees of membership, rather than based on absolute membership. Instead of precision and 
accuracy, fuzzy logic carries a level of tolerance for imprecision. Imprecise information, such 
as that resulting from inexact measurements or gained from imperfectly coding expert 
knowledge can be incorporated into fuzzy modelling. By allowing for the inclusion of 
imprecision, fuzzy logic allows for the detection of imprecise dependencies among concepts. 
Several studies have been reported regarding supply chain performance measurement 
using fuzzy set theory, fuzzy logic and triangular membership functions with combinations of 
other methods. Measuring supply chain performance requires multiple dimensions and 
multiple scales, which increases the complexity of the aggregation and assessment process. 
Chan and Qi (2003) attempted to propose an innovative fuzzy based performance 
measurement method to evaluate the holistic performance of complex supply chains. Their 
model minimized the disadvantages of traditional metric weight comparison methods, which 
were unequal distribution of comparison ratios and discreteness of weightings, by using a 
geometric scale of triangular fuzzy numbers. However, like other network solution methods, 
there’s still required complex calculation of local performance grades as well as aggregation 
of an overall global performance index. Applying the multi-granularity linguistic scale, 
numerical ratio scale and appropriate fuzzy linguistic quantifier guided ordered weighted 
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aggregation (FLQG-OWA) operator, Wang et al. (2009) computed supply chain performance 
into multiple attribute matrices. Their model was a significant approach to measure 
performance based on different phases of product life cycle. The model was particularly 
suitable for multi- granularity linguistic environment considering both numeric and linguistic 
values. Although the method was very effective when performance need to be measured 
considering different product phases and group decision-making strategies but the model was 
relatively uniformity insensitive since there were less semantic elements considered in 
linguistic terms selection.  
Ganga and Carpinetti (2011) proposed a supply chain performance prediction model 
based on a relationship between metrics in a SCOR model. They used fuzzy logic inference 
rules to build a prediction model based on if- then scenarios among performance metrics. The 
metric values were converted into triangular membership functions and linguistic terms. 
Random data was used to test the model-generated results which were shown to be very 
consistent when compared to the scorecards of many companies that use the SCOR mark as a 
standard for benchmarking. Unlike other multi criteria techniques like: AHP, ANP, and 
fuzzy- AHP/ANP, their model was quite an effective approach to predict supply chain 
performance. But the model and base rules were not customized with the metrics of a specific 
company and the validation was not carried out with real case data.  
Adel (2011) presented a performance measurement approach based on fuzzy set 
theory and the pair-wise comparison of AHP, which provided an effective decision tool for 
the performance measurement of a supply chain in a manufacturing environment. The 
method could successfully measure performance for each department to diagnose the 
strengths and weakness of the performance indicators, but failed to measure performance for 
other supply chain entities like the supplier, customer and retailer. Usually, manual 
computation is time consuming and error-prone, while a computerised decision support 
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system has been proved to be an effective tool for quick system evaluation and decision 
support.  
A leanness measurement model was proposed by Vinodh (2010) to assess the 
leanness level by designing a decision support system for a fuzzy logic based leanness 
assessment model. The model has been used for periodical leanness assessment but the 
membership functions were only related to linguistic variables not quantitative metrics, which 
indicated an evaluation based on perceived value only. Similarly, Behrouzi et al. (2010) 
presented a fuzzy-based model to evaluate the leanness of supplier performance which also 
included a systematic measurement of supplier performance. The model developed a single 
unit less leanness score for suppliers, which was very effective for managers for supplier 
selection. But they failed to provide appropriate metrics considering non- lean and lean 
metrics and also used similar weight factor for each metric category.  
Amid et al. (2011) used different relative weights for both quantitative and qualitative 
metrics in their weighted max- min fuzzy programming model. They used AHP to determine 
the weights of criteria (net price, quality and service). Although it was a very effective model 
for multi criteria decision-making, improper selection of objective functions and constraints 
could determine the wrong supplier. Moreover, Wang (2010); Chuu (2011); Zarei and 
Fakhrzad (2011) used fuzzy logic with other models to evaluate supply chain flexibility, 
quality and efficiency for overall supply chain performance evaluation.   
 
So, previous studies by Aramyan et al. (2007); Martin and Patterson (2009); Hofmann 
and Locker (2009); Cuthbertson and Piotrowicz (2011) showed that empirical studies can 
provide effective measures of performances as well as being able to establish different 
relations among performance metrics through case studies. Moreover, Bhasin (2008); Wan 
and Chen (2008); Thakkar et al. (2009) discussed about organization’s leanness assessment 
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by proposing different performance frameworks. Their frameworks proved to be successful in 
measuring organization’s financial, market measures, process, people and future changes but 
failed to measure leanness performance across the whole supply chain. Moreover, there is a 
need to develop dynamic rather than static PMSs. However, most of the studies failed to 
provide a standard performance measurement method incorporating financial and non-
financial and quantitative and qualitative metrics. Metrics proposed in lean supply chain 
model for this study incorporate quantitative and qualitative as well as non- lean and lean 
metrics while metrics can effectively measure performance for entire supply chain.  
Different supply chain performance measurement models based on fuzzy set theory, 
fuzzy inference system and combined fuzzy AHP or ANP were proposed by Wang et al. 
(2009); Adel (2011); Amid et al. (2011); Ganga and Carpinetti (2011). Most of the existing 
performance measurement models and methods have been generally developed from the 
manufacturing perspective (Wan, 2006; Bayou and Korvin, 2008; Behrouzi and Wong, 
2011). In the manufacturing environment, performance measurement is based on different 
quantitative and qualitative factors and fuzzy logic is a suitable technique to deal with 
uncertainty of qualitative factors. Although, manufacturing is at the heart of the supply chain, 
those models are fully unable to measure the performance for the entire supply chain. 
Therefore, it is necessary to evaluate the performance of the lean supply chain using fuzzy 
logic and methods. Since fuzzy can deal with imprecise data as well as qualitative factors 
along with quantitative metrics, a fuzzy based model can be an effective solution to measure 
supply chain performance across multiple performance metrics. In this study, a combined 
fuzzy TOPSIS method is applied to measure lean supply chain performance. A single 
performance measurement indicator can be achieved through the proposed method while 
performance regarding quantitative and qualitative metrics can effectively measured using 
this approach.     
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1.4 Research Problem & Purpose 
 
SCM and performance measurements have become a significant inter-firm process that has 
been receiving tremendous attention from researchers and practitioner forums. Many journals 
have produced special issues on this topic, including Decision Sciences, the Journal of 
Operations Management and Supply Chain Management (Oghazi, 2009). However, despite 
the vast amount of research published on supply chain measures, the concept of performance 
metrics and measures is still underdeveloped for three major reasons: (a) an absence of 
effective performance metrics incorporating both qualitative and quantitative metrics 
(Shepherd and Günter, 2006; Gunasekaran and Kobu, 2007), b) a lack of strategic alignment 
between competitive strategy and performance metrics while measuring cost competitive 
supply chain performance (Gunasekaran et al., 2004; Neely et al., 2005; Pun and Sydney, 
2005; Shepherd and Günter, 2006; Morgan, 2007; Gomes et al., 2011) and (c) deficiencies in 
considering uncertainty and variations in improvements in performance evaluation methods, 
especially for a lean supply chain. 
 The above discussions and continued calls for further research make it clear that there 
are several gaps in the pertinent literature. The foremost of these is the effective evaluation 
method of supply chain performance considering both qualitative and quantitative measures. 
Another gap is the effects of product type or market position and selection of lean tools on 
supply chain performance. Although the strong relationship between product volume and 
supply chain performance with the ambit of the lean strategy was established, there is a 
paucity of studies concerning product price, lean tool selection and performance. To the 
author’s best knowledge, no study in the field of SCM has rigorously and empirically 
examined the effects of product price and type on performance and lean strategy and tool 
selection. Accordingly, given the practical interest in the issue, and to address the academic 
gaps in the related literature, the aims of this study are: 
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1.  To develop a lean supply chain model incorporating appropriate performance 
metrics. 
 
2. To develop a performance evaluation model for the lean supply chain incorporating 
both qualitative and quantitative measures. 
 
 
3. To investigate the effects of product type on lean tool selection and supply chain 
performance. 
1.5 Research Focus 
 
This research focuses on development of lean supply chain model, performance evaluation 
method and its relationship with product type and lean tool selection. The questions 
addressed by this research are: 
 
1. How can appropriate performance metrics be incorporated in lean supply chain? 
 
2. How the impact of use of lean tools on a supply chain performance can effectively 
be measured?  
 
3. How does product type affect the use of lean tools and its impact on supply chain 
performance in terms of cost, time, quality and flexibility? 
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In addressing these questions, the findings from this study confirm that a lean supply 
chain model which is based on SCOR framework as well as fuzzy techniques for order 
preference by similarity of ideal solutions (TOPSIS) are suitable methods for the 
development of lean supply chain model and performance evaluation, incorporating both 
qualitative and quantitative metrics. The findings also suggest that there is a relationship 
between product types, lean tool selection and supply chain performance. These findings 
justify the need for this research, as there has not been any known research that measures the 
performance of the supply chain in this way while justifying the relationship of product type 
with lean tool selection. 
 This research proposes a conceptual framework (Figure 2.13, Chapter 2) and suggests 
two relevant hypotheses for investigation: 
 
Hypothesis 1: Using fuzzy logic, quantitative and qualitative metrics can be incorporated 
into a supply chain performance measurement. 
 
Hypothesis 2: Effectiveness of the use of lean tools in supply chain depends on market 
strategy (product volume and price). 
 
 For effective analysis and investigation of testing hypothesis 2, three propositions to 
examine the above effects have been proposed.   
 
Proposition 1: The use of lean tools improves the performance of high volume high price 
product supply chains.   
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Proposition 2: The use of lean tools improves the performance of low volume high price 
product supply chains. 
 
Proposition 3: The use of lean tools improves the performance of high volume low price 
product supply chains. 
    
Nineteen metrics, some lean and some non-lean, were selected for the development of 
lean supply chain model. Three different products with different supply chain values will be 
tested to investigate the hypotheses. It will be shown that product volume has a significant 
effect on lean tool selection while only product price affects the supply chain performance 
positively. Findings from this study will also show that performance indicators related to 
time, quality and flexibility of the supply chain are better in a lean situation but not cost. The 
thesis concludes that to achieve a better performance from a lean supply chain, product 
volume and price are the vital attributes to be considered. 
1.6 Research Methodology 
 
In order to address the research questions, an inductive quantitative research method has been 
followed. Three different products have been studied in an apparel manufacturing company 
that applied different lean tools throughout its supply chain. Data was collected from three 
situations through semi structured interviews, emails and electronic exchanges. Initially a set 
of appropriate metrics which is based on a SCOR model was proposed for the lean supply 
chain model. A fuzzy TOPSIS based method is then used to analyse the data gathered from 
the company and suggest a number of findings and recommendations. The necessity of 
considering a cost competitive supply chain to reduce costs by using different lean tools is 
also discussed for the selection of supply chain appropriate metrics and lean supply chain 
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model formulation. The proposed framework for supply chain appropriate metrics is based on 
a theoretical framework discussed by Shepherd and Günter (2006) and Gunasekaran et al. 
(2001) where their metrics were based on five supply chain elements (plan, source, make, 
deliver and return). The competitive strategies have also been considered in the proposed 
evaluation method using different linguistic measures over four performance categories. The 
fuzzy based method allows modelling of a significant number of performance metrics across 
multiple elements and processes of a supply chain. The proposed method allows the strategic 
alignment between competitive strategies over supply chain strategy and evaluates the 
performance of the lean supply chain. 
1.7 Objectives and Expected Contributions 
 
This research aims specifically to contribute to the body of existing knowledge and theory by:  
Firstly, developing a lean supply chain model incorporating non-lean and lean metrics 
within a SCOR implementation framework;  
Secondly, measuring supply chain performance while effectively incorporating 
quantitative and qualitative metrics;  
Thirdly, discussing how different types of apparel products influence lean tool 
selection and companies’ supply chain performance; 
Finally, providing guidelines for managers and researchers concerned with supply 
chain competitive strategy in an effort to achieve superior performance and output.  
This thesis is expected to achieve these objectives by reviewing pertinent literature 
and, based on this, develop a conceptual research model, with hypotheses as well as proposed 
appropriate performance metrics. The model used in this study will be subject to a new 
methodology of measuring supply chain performance using fuzzy logic and techniques. This 
model is particularly useful in supply chains involved in manufacturing where supply chain 
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performance mainly depends on measures and metrics which are related to production and 
manufacturing process. By focusing on overcoming the shortcomings identified in the extant 
literature, the research model, combined with the completion of the study’s objectives and 
purpose, will contribute to the advancement of knowledge in the field on both a theoretical 
and a practical level. The proposed performance evaluation method is an useful tool for speeding up 
performance improvements in dynamic supply chain decision-making environments through 
identifying critical performance metrics and improvement patterns. Improved performances in time, 
quality and flexibility in competitive supply chains provide significant support to managers to achieve 
greater success in business objectives. So, the proposed method is particularly useful to measure lean 
supply chain performance for manufacturing organizations. Performances can be improved by 
continuous monitoring and assessing of performances metrics and categories for lean supply chain. 
1.8 Thesis Outline 
 
In order to achieve the aforementioned objectives, the thesis is divided into six chapters, each 
represent a different stage in the research process. The order of presentation in the thesis is 
depicted graphically in Figure 1.1. Chapter 1 provides the background and underlying 
argument of the research. Furthermore, it provides a brief discussion of the purpose of this 
research. Finally, a methodology and an overview of the organization of the thesis are 
provided. Chapter 2 provides a more in-depth review of the literature relevant to this 
research. The conceptual framework, research question and hypotheses of the study are also 
identified in this chapter. Chapter 3 focuses on the research design and approach undertaken 
as well as the methodology employed to test the hypotheses and data collection tools and 
techniques. The development of a lean supply chain model based on a SCOR framework and 
appropriate metrics are discussed in Chapter 4. This chapter also discusses appropriate metric 
selection and the formulation of different data collected from apparel supply chains. The 
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chapter provides data which can be analysed in the next chapter. Chapter 5 develops a fuzzy 
TOPSIS based SCM performance measurement model. It also provides a comprehensive 
analysis of the empirical data and shows the results found from the analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Outline of the thesis 
 
 
Chapter 6 discusses the findings of the study by describing the descriptive findings 
and testing the hypotheses. This chapter also examines the contributions made by this 
research. The results are discussed, conclusions are drawn from the existing body of research, 
and implications of findings for knowledge and practices are discussed. The limitations of the 
present study and directions for future research are highlighted. 
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Chapter 2 
Literature Review 
 
From the literature examined in this chapter, it will be argued that there is a lack of effective 
method to measure lean supply chain performance in SCM studies. The objectives of this 
research is develop a lean supply chain model based on SCOR framework and also to provide 
an effective method to measure performance providing a single performance score 
incorporating quantitative and qualitative metrics both together. Furthermore, supply chain 
decisions are vastly related to overall performance and the major factors that controls the 
system e.g., improvement tools, product types, competitive strategies. So, analysing the 
effects of these factors to supply chain performance is the next objective of this study. This 
thesis aims to build a deeper understanding of identifying the effects of product price and 
volume on supply chain performance. This chapter begins with the shortcomings of 
appropriate supply chain performance metrics where both quantitative and qualitative metrics 
can be measured in a single model. It will be argued next that fuzzy TOPSIS method can be 
applied when improvements in performances need to be measured. The effects of supply 
chain competitive strategy and product type on supply chain performance are then discussed. 
Following this, lean supply chain management and the effects of lean tools on SCOR model 
are discussed. Finally, research questions and hypotheses are mentioned which is followed by 
a conceptual framework of the research.           
2.1 Supply Chain Management 
 
Supply chain management (SCM) is a concept that originated in manufacturing industries in 
the early 1980’s (Saad and Patel, 2006). But Jr et al. (2006) stated that SCM had its origins in 
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Mallen’s (1963) organizational extension theory which was developed within a marketing 
framework, advocated extending the organization to include all members of the distribution 
channel. In a highly unpredictable and changeable environment, organizations face 
sophisticated customers who demand increasing product variety, lower cost, better quality, 
and faster response. To compete successfully, organizations are embracing supply chain 
management (SCM) because it focuses on actions along the entire value chain (Bechtel, 
1997; Childerhouse and Towill, 2002). Jr et al. (2006) also viewed SCM as the alignment of 
buyers, suppliers, customers and their processes to achieve an advanced form of competitive 
advantage. SCM integrates suppliers, manufacturers, distributors, and customers through the 
use of information technology to meet customer expectations efficiently and effectively 
(Ansari, 1990; Thomas, 1996; Quinn, 1997; Rich 1997; Childerhouse and Towill, 2002; Choi 
and Hong, 2002; Huang et al., 2003). So SCM philosophy takes a systematic approach to 
supply chains and seeks synchronization of intra firm and inter firm capabilities and focuses 
supply chain partners on creating customer value (Min et al., 2007). As a result, companies 
can respond quickly and in a unified manner with quality, differentiated products demanded 
by fastidious final consumers while achieving system-wide advantages in cost, time, and 
quality (Christopher, 1992; Davis, 1993; Carter, 1996; Persson and Olhager, 2002; 
Vonderembse, 2002). So, SCM is all about competing on value, collaborating with customers 
and suppliers to create a position of strength in the market place based on value derived from 
end consumers (Ambe, 2010).  
In today's markets, technological and competitive forces are changing at an ever 
increasing rate. To respond to these forces, radical changes in organizations have become 
necessary. The viability of a firm now depends largely on how well it is capable of 
responding to customer requirements in a cost effective manner. It is becoming increasingly 
more difficult and less economical for companies to supply and deliver their products on their 
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own. Also, the ever-increasing trend in globalization and customer orientation requires a 
logistics-sensitive organization (Gunasekaran et al., 2001). Supply chain management (SCM) 
is an approach that has evolved out of the integration of these considerations such as 
capability of response demand in lean approach, logistic sensitive organization etc. Within 
new strategies for purchasing and manufacturing, suppliers play a key role in achieving 
corporate competitiveness (Amid et al., 2011). In recent times, many industries and business 
owners are trying to adapt their supply chain activities to sustain them in the global market 
since supply chain management is not only limited to increasing the internal efficiency of the 
organizations, but also has now been broadened  to include methods of reducing wastes and 
adding values across the entire supply chain (Saad and Patel, 2006). It has shifted from 
internal structure to external linkage and dependences between organizations and external 
environments. Moreover, this interaction between organizations is associated with effective 
practice of different improvement tools and techniques to reduce wastes and value creation 
throughout the supply chain. The coordination and integration is further linked to the 
development of long term relationship between suppliers and buyers. Supply chain 
management ensures and emphasizes these relationships by means of reducing wastes 
through the whole supply chain.   
2.2 Supply Chain Evolution 
 
The concept of SCM is perhaps the most critical management concept and practice shaping 
today’s business environment. In essence, SCM integrates supply and demand management 
within and across companies. But it has long been recognized that SCM originated with the 
logistics function. Over the past half century, logistics has evolved from a purely operational 
subset of inventory and sales management to become a fundamental strategic component of 
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today’s leading manufacturing and distribution companies. The SCM concept has evolved 
with it through the five distinct stages shown in Figure 2.1 below (McKee and Ross, 2005).  
 
 
Figure 2.1: Supply chain evolution thorough five stages (McKee and Ross, 2005) 
 
Stage 1 is the era of logistics decentralization. In Stage 2, logistics began the 
evolution from functional decentralization to organizational centralization driven by new 
attitudes associated with cost optimization and customer service. Stage 3 represents the 
dramatic expansion of logistics from a narrow concern with internal cost management to new 
concepts calling for the linkage of internal operations with analogous functions performed by 
trading partners. Researchers for example, Saad and Patel (2006); Morgan (2007) also 
mentioned about this era as a second phase of SCM where traditional centralized 
management system had shifted to modern integrated management control system.  As the 
concept of trading partner collaboration grew, the old logistics model gave way in Stage 4 to 
SCM. Today, the application of lean concepts to closely integrated trading-partner networks 
is driving Stage 5, lean SCM. Around this age, lean supply chain is achieved through 
reducing wastes from the entire chain through collaboration and comprehensive information 
systems. Synchronized SCM and scalability are required for lean SCM. The improvements 
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through synchronization and integration in lean supply chain need to measure while it decides 
capability of the entire supply chain organizations to compete. So, to understand how supply 
chains compete, it is necessary to understand the overall performance of the supply chain.      
2.3 Performance Measurement & Metrics in SCM 
 
Neely et al. (1995) define performance measurement as the process of quantifying the 
effectiveness and efficiency of action where measurement is the process of quantification and 
action leads to performance (Shepherd and Günter, 2006). Effectiveness is the extent to 
which a customer’s requirements are met and efficiency measures how economically a firm’s 
resources are utilised when providing a pre-specified level of customer service. In terms of 
effectiveness, achieving a higher level of product reliability might lead to greater customer 
satisfaction. In terms of efficiency, the overall costs might be reduced by the business through 
decreased warranty claims. Aramyan et al. (2007) mentioned about the tracking and tracing 
of efficiency failures by measuring supply chain performance which also leads to more 
informed decision making with regard to chain design. Rouse and Putterill (2003) stated that 
performance measurement frameworks were prerequisites for performance measurement 
system development by clarifying boundaries, specifying dimensions and providing initial 
intuition into relationships among the dimensions (Beamon and Balcik, 2008). So, 
performance measurement systems (PMS) are described as the overall set of metrics used to 
quantify both the efficiency and effectiveness of action (Neely et al., 2005). So, performance 
needs to be measured considering both financial and non financial measures. But in the early 
stage of performance measurement system, the scenario was different. For example,  Saad 
and Patel (2006) mentioned about two distinct phases of PMS. Financial measures were 
actively considered until 1980. Morgan (2007) also defined this phase as traditional 
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measures. He subdivided this phase into three sub- phases and all the phases are outlined in 
Figure 2.2. 
 
 
Figure 2.2: Phases of development of performance measurements (Morgan, 2007) 
 
After 1970, many manufacturers changed from the use of manufacturing requirements 
to more improved management control. At that time, the evolution of PMS also changed 
dramatically. Morgan (2007) defined 1980s as the decade of Just-In-Time manufacturing; 
1990s as the “lean” decade. PMS changed into more balanced view in terms of both financial 
and non financial measures. From the beginning of this millennium, performance had been 
measured among inter organizational and inter process throughout the supply chain. 
A performance measurement system plays an important role in managing a business 
as it provides the information necessary for decision-making and actions (Gunasekaran and 
Kobu, 2007). As Kaplan (1990) argued ‘‘No measures, no improvement,’’ it is essential to 
measure the right things at the right time in a supply chain and virtual enterprise 
environments so that timely action can be taken. Bhagwat and Sharma (2007) maintained that 
performance measurement provides feedback or information on activities with respect to 
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meeting customer expectations and strategic objectives. They defined PMS from four 
different perspectives: the financial, the internal business process, the customer, and the 
learning and growth. Beamon (1996) identified four characteristics for effective performance 
measurement system which are inclusiveness, universality, measurability and consistency. 
Fawcett and Cooper (1998)’s survey result showed four dimensions of performance 
measurement: measurement capability, process orientation, a benchmark and the use of 
partners in supply chain (Bakar et al., 2010). Maskell (1989) suggests seven principles of 
PMS design: (1) the Performance Measure (PM) should be directly related to firm’s strategy; 
(2) nonfinancial measures should be adopted; (3) measures should vary between locations 
(departments or companies); (4) measures should change as circumstances do; (5) measures 
should be simple and easy to use; (6) measures should provide fast feedback; and (7) 
measures should stimulate continuous improvement (Gunasekaran and Kobu, 2007, pp. 
2821). It is important to identify which performance measures correlate to the success of a 
PMS the most. This may be determined by two independent evaluation of a particular SCM 
system: (a) performance measured by actual results; and (b) performance measured by a few 
pre-selected metrics. The purpose of measuring organizational performance (Gunasekaran 
and Kobu, 2007, pp. 2820) is to (a) identify success; (b) identify whether customer needs are 
met; (c) help the organization to understand its processes and to confirm what they know or 
reveal what they do not know; (d) identify where problems, bottlenecks, waste, etc. exist and 
where improvements are necessary; (e) ensure decisions are based on facts, not on 
supposition, emotion, faith or intuition; and (f) show if improvements planned actually 
happened. 
All performance measurement systems consist of a number of individual performance 
measures or metrics. The term ‘‘metric’’ refers to definition of the measure, how it will be 
calculated, who will be carrying out the calculation, and from where the data will be obtained 
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(Gunasekaran and Kobu, 2007). The main challenge is to identify the key performance 
measures for value-adding areas of an organization and then the factors that will affect the 
core business processes that create value for the customers. One important characteristic had 
been identified by Mintzberg (1978) about companies performance and strategies that  
measurement may be the process of quantification but its effect is to stimulate action where 
strategies are realized (Neely et al., 2005, pp. 1231). Druker (1954) mentioned about 
balanced set of measures for supply chain performance because of two themes: the desire to 
quantify and the unanticipated consequences of measurement (Neely, 2005). Beamon (1999) 
also mentioned the link between measurement and strategic objectives and the necessity of 
performance measures to coincide with organisational strategic goals. Globerson (1985) 
suggests the performance criteria (PC) should: be based on company objectives, clearly 
define the purpose, define data collection and calculation methods, be ratio-based than 
absolute number, be under the control of the evaluated organizational unit and be objective 
(Gunasekaran and Kobu, 2007, pp. 2821). For the last few decades’ researchers for example, 
Lee et al. (1997); Szuprowicz (2000) have identified a significant number of performance 
metrics which can evaluate supply chain performance. These performance metrics are listed 
in Table 2.1.  
 
         Table 2.1 
         Commonly used supply chain performance metrics and criteria  
Performance Metrics & Criteria Authors 
Quality, time, flexibility and cost (Neely et al., 2005) 
 
Cost, time, quality, flexibility, innovativeness (Shepherd and Günter, 2006) 
 
Financial, non financial (Gunasekaran et al., 2001) 
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Resource, output, flexibility (Beamon, 1999) 
 
Water consumption, energy usage, organic emitted, 
sludge emitted 
(Sarkis, 2006) 
Cost, quality, lead time (Persson and Olhager, 2002) 
 
Time, quality, cost, diagnostic measures (Bagchi, 1996) 
 
Quality, cost delivery, customer satisfaction, market 
position, reputation, product design, process waste, Co2 
emissions, service level  
(Dues et al., 2012) 
External, consumer, value- based competition, network 
performance, intellectual capital 
 
(Basu, 2001) 
Delivery performance, flexibility & responsiveness,  
logistic costs, asset management 
 
(Stewart, 1995) 
Cost, revenue, taxes, transfer, carbon footprint, raw 
material usage, energy use, noise, pollution 
(Chaabane et al., 2012) 
Flexibility, reliability, responsiveness, quality and asset 
management 
(Najmi and Makui, 2010) 
 
Lead time, cost, quality and service level (Agarwal et al., 2006) 
 
Profit, lead time, delivery promptness and waste 
elimination 
(Aramyan et al., 2007) 
 
Total cost, economic benefit, equity use, inventory, fuel 
use, emissions, waste, health and security, laws and 
regulations 
(Buyukozkan and Berkol, 2011) 
Quality, cost, delivery, capability, development (Florent and Zhen, 2010) 
 
Quality, price, flexibility and delivery, profitability of 
supplier, relationship, technological capability, conflict 
resolution 
 
(Chen et al., 2006) 
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Resource, output, flexibility, innovativeness and 
information 
(Cai et al., 2009) 
Reliability, responsiveness, flexibility, costs and asset 
management 
(Gulledge and Chavusholu, 2008) 
R & D, Cost, Quality, service, Response 
 
(Wang et al., 2009) 
Product quality, order fulfilment capability, price, and 
post sales service 
(Wang, 2010) 
 
Operational quality, customer satisfaction, economic 
cost, environmental cost and revenue, emissions, 
business wastes 
(Azevedo et al., 2011) 
Quality, cost, time, delivery (Behrouzi and Wong, 2011) 
 
Cost, quality (manufacturing quality, defects, total 
quality management) and service (on time delivery, 
response to changes, product development, financial 
capability) to select multiple source supplier. 
 
Amid et al., 2011) 
Inventory (Raw material & work in process), Finished 
goods, Current assets, sales, Cost of goods sold. 
 
(Bayou and Korvin, 2008) 
Quality, delivery reliability, low buffering cots, low 
variability in process time, low variability in delivery 
time, low variability in demand rate, cost efficiency, 
delivery speed. 
 
(Zarei et al., 2011) 
 
 
Many of the existing models use inappropriate or ineffective performance measures that 
are limited in scope or non-inclusive (Beamon, 1999). Meanwhile, Gunasekaran and Kobu 
(2007) argued that most of the models were short of a complete coverage of all the 
performance measures and metrics in new enterprise environments considering different 
levels of decision-making. Given the inherent complexity of supply chain measures, market 
competitiveness and supply chain strategy, a measurement method to deal with these 
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complexities is critical. Lee and Billington (1992) observed that the discrete sites in a supply 
chain do not maximise efficiency if each pursues goals independently. They pointed to 
incomplete performance measures among industries to assess the entire supply chain. 
Moreover, Chan and Qi (2003); Gunasekaran and Kobu (2007) stated that conventional 
measures had the drawbacks of tending to measure financial metrics, and failed to include 
intangible and lagging indicators. Vinodh (2010); Behrouzi and Wong (2011) mentioned a 
systematic measurement of lean performance by producing an integrated unit less score to 
define leanness of various suppliers. In this case, fuzzy is an appropriate modelling method to 
deal with intangible and qualitative measures. Fuzzy logic is a mathematical, formal, multi-
valued logic concept which uses fuzzy set theory and linguistic values and has been applied 
widely in various areas of SCM. Fuzzy modelling also allows a significant number of 
performance metrics to be considered across multiple elements and processes of a supply 
chain. The details of fuzzy theory, triangular fuzzy numbers and membership functions will 
be discussed in the following sections. 
2.4 Fuzzy Set Theory & Fuzzy Logic 
 
Fuzzy set theory was first proposed by Zadeh (1965) and was first used in control by 
Mamdani (1974). Fuzzy set theory is primarily concerned with quantifying and reasoning 
using natural language in which many words have ambiguous meanings. Formally, the 
process by which individuals from a universal set X are determined to be either members or 
non-members of a crisp set can be defined by a characteristic or discrimination function. For 
a given crisp set A, this function assigns a value 𝜇𝜇𝐴𝐴(𝑥𝑥) to every x ∈ X such that, 
𝜇𝜇𝐴𝐴(𝑥𝑥) = �1 if x ∈ A0 if x ∈ A  
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This kind of function can be generalized such that the values assigned to the elements 
of the universal set fall within a specified range and are referred to as the membership grades 
of these elements in the set. Larger values denote higher degrees of set membership. Such a 
function is called a membership function 𝜇𝜇𝐴𝐴  by which a fuzzy set A is usually defined. This 
function can be indicated by: 
𝜇𝜇𝐴𝐴:𝑋𝑋 → [𝑜𝑜, 1] 
where X refers to the universal set defined in a specific problem, and [0, l] denotes the 
interval of real numbers from 0 to 1, inclusively. Fuzzy has widely been applied in various 
areas of supply chain like, capacity planning, inventory control, product design scheduling, 
facility layout, maintenance, quality control, distribution, process design, project 
management, facility location, environment, process choice, forecasting, purchasing (Wong 
and Lai, 2011). Fuzzy control is one prominent example where data is characterised by 
linguistic variables and expert knowledge (IF-Then-rules) using these variables is mapped 
into rule bases. In fuzzy control these bases can be used for logical inferences for controlling 
purposes (Ko et al., 2010). One of the reasons for the success of fuzzy logic is that the 
linguistic variables, values and rules enable the engineer to translate human knowledge into 
computer evaluable representations seamlessly. 
2.4.1 Triangular Fuzzy Number (TFN) 
 
A triangular fuzzy number is represented as A = (a1, a2, a3). Due to their conceptual and 
computation simplicity, triangular fuzzy numbers are very commonly used in practical 
applications (Awasthi et al., 2010). 
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         1   
 
    
    𝜇𝜇𝐴𝐴(𝑥𝑥) 
 
 
        0        
                                         𝑎𝑎1        𝑎𝑎2                        𝑎𝑎3 
 
Figure 2.3: Triangular fuzzy number, A 
The membership function 𝜇𝜇𝐴𝐴(𝑥𝑥) of triangular fuzzy number A is given by: 
 
                (1) 
 
Where a1, a2, a3 are real numbers and a1 < a2 < a3. The value of x at a2 gives the 
maximal grade of μA (x) = 1 which is the most probable value of the evaluation data. The 
values of x at a1 and a2 give the minimal grade of μA (x) = 0 which is the least probable 
value of the evaluation data. Constants a1 and a3 are the lower and upper bounds of the 
available area for the evaluation data. These constants reflect the fuzziness of the evaluation 
data. 
2.4.2 Fuzzy Linguistic Variables & Membership Functions  
 
A linguistic variable is a variable whose values are expressed in linguistic terms. The concept 
of a linguistic variable is very useful in dealing with situations, which are too complex or not 
well defined to be reasonably described in conventional quantitative expressions. For 
example, ‘‘weight’’ is a linguistic variable whose values are very low, low, medium, high, 
very high, etc. Fuzzy numbers can also represent these linguistic values. Fuzzy linguistic 
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Variable is expressed these weight values qualitatively by linguistic terms and quantitatively 
by a pertinence function (Ganga and Carpinetti, 2011).  
For multiple triangular fuzzy numbers and linguistic terms, the membership functions 
can be described by a composition of pertinence functions defined by the points (xi; yi), 
where xi, denotes the universe of discourse of the variable and yi the pertinence level for each 
given measure level (see Figure 2.4). By analysing the below Figure, it can be noticed that 
the highlighted points define the limits of the triangular functions. The points (0;1) and 
(0;50), define the pertinence of the crisp variable to the linguistic level ‘‘low’’. In the same 
way, the points (0;0), (50;1) and (100;0), define the pertinence of the crisp variable to the 
linguistic level ‘‘medium’’. The pertinence function ‘‘high’’ was defined by following the 
same logic scheme.  
 
         1  low  medium high 
 
    
    𝜇𝜇𝐴𝐴(𝑥𝑥) 
 
 
        0        
               0%       50% 100% 
 
Figure 2.4: Fuzzy linguistic numbers and membership values 
2.4.3 Defuzzification  
The defuzzification methods were defined empirically, evaluating mainly the concept of 
continuity and discontinuity in fuzzification. It is the process of transforming the fuzzy 
numbers and linguistic values in a standard numeric value (crisp variable) (Ganga and 
Carpinetti, 2011). In most of the cases, the defuzzification methods (centre of maximum) 
CoM and (centre of area) CoA were used because they are considered continuous methods 
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for defuzzification. After putting If-Then rules, researchers usually used defuzzification to 
generate quantitative membership function with single point measure. From Fig. 2.4, it is 
clear that the three linguistic levels (low, medium and high) have three separate single 
membership values as (0;0;50), (0;50;100), (50;100;100) respectively.  
Fuzzy logic is one of the modern techniques which can deal with impreciseness of 
input data and domain knowledge and giving quick, simple and often sufficiently good 
approximations of the desired solutions (Ko et al., 2010). So, to evaluate supply chain 
performance considering both quantitative and qualitative metrics, fuzzy is an appropriate 
and effective approach for practitioners. But it is also necessary to measure the variations and 
changes of improvements in performance measures. Most of the supply chain models are lack 
of dealing with variations in performances and yet to address the following limitation: 
  
• How to maintain performance measurement systems over time so they remain aligned 
with dynamic environments and changing strategies? (Pun and Sydney, 2005; Neely, 
2005; Shepherd and Günter, 2006; Morgan, 2007; Gomes et al., 2011). 
 
Since, performance measurement models usually deal with multi criteria decision making 
problems, TOPSIS is an effective way to measure variations in performances which changes 
over time. TOPSIS is a MCDM approach which identifies best solution among different 
criteria and attributes (Önüt et al., 2008; Büyüközkan and Çifçi, 2012). The solution is 
determined by measuring positive and negative distances from cost and benefit criteria. 
TOPSIS method can measure the performances of a supply chain in various competitive 
situations and environments over time as well as evaluate dynamic performances. 
Improvements through lean tools and techniques in supply chain can be measured effectively 
using fuzzy TOPSIS method.     
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2.5 Fuzzy TOPSIS 
 
TOPSIS can identify solutions from a finite set of alternatives (Büyüközkan and Çifçi, 2012). 
The logic of fuzzy TOPSIS according to Hwang and Yoon (1981) is to define the positive 
ideal solution and negative ideal solution. The positive ideal solution is the solution that 
maximizes the benefit metrics and minimizes the cost metrics, whereas the negative ideal 
solution is the solution that maximizes the cost metrics and minimizes the benefit metrics. 
The best alternative is the one which has the shortest distance from the positive ideal solution 
and the farthest distance from the negative ideal solution. But it is often difficult for a 
decision maker to assign a precise performance rating to an alternative for the attributes under 
consideration. Then the merit of using a fuzzy TOPSIS approach is to assign different metric 
values using fuzzy numbers. Let, A1 = (a1, a2, a3) and B1 = (b1, b2, b3) be two triangular 
fuzzy numbers, then the distance between two triangular fuzzy numbers can be calculated as 
Önüt et al. (2008), 
𝑑𝑑(A1, B1) = �13 [(a1 − b1)2 + (a2 − b2)2 + (a3 − b3)2] 
Normally, MCDM problems are divided into two types (Kannan et al., 2009). One is 
classical MCDM problems where metrics are measured by crisp numbers and another is 
fuzzy multi criteria group decision making (FMCGDM) problem where linguistic terms and 
then fuzzy numbers are used.  
Recently determining lean performance in a supply chain has become a key strategic 
consideration since the natures of these decisions usually are complex and unstructured. In 
general, many quantitative and qualitative factors such as quality, price, and flexibility and 
delivery performance must be considered to determine entire supply chain performance. 
Linguistic values are used to assess the qualitative factors. These linguistic ratings can be 
expressed by triangular fuzzy numbers. Then, a fuzzy TOPSIS method based on fuzzy-sets 
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theory is proposed to deal with lean supply chain performance evaluation. Sun (2010) 
developed an evaluation model based on the fuzzy analytic hierarchy process and the 
technique for order performance by similarity to ideal solution, fuzzy TOPSIS, to help the 
industrial practitioners for the performance evaluation in a fuzzy environment where the 
vagueness and subjectivity are handled with linguistic values parameterized by triangular 
fuzzy numbers. Their proposed method helped decision analysts to better understand the 
complete evaluation process and provided a more accurate, effective, and systematic decision 
support tool. Chen et al. (2006); Önüt et al. (2008) used fuzzy TOPSIS approach for supplier 
selection and evaluation. They demonstrated their models with real world case studies to 
choose appropriate suppliers. Awasthi et al. (2010); Büyüközkan and Çifçi (2012) proposed 
fuzzy TOPSIS with DEMATEL and ANP approaches to evaluate green suppliers. Since, 
“green” principles and strategies have become vital for companies as the public awareness 
increased against their environmental impacts; a company’s environmental performance is 
not only related to the company’s inner environmental efforts, but also it is affected by the 
supplier’s environmental performance and image. To determine green suppliers, they 
proposed some strategic environmental considerations and integrated multiple criteria 
decision making model combined fuzzy DEMATEL with fuzzy TOPSIS. The TOPSIS 
method with Fuzzy Belief Structure (BS) model is proposed to solve Group Belief MCDM 
problems (Jiang et al., 2011). Firstly, the Group Belief MCDM problem is structured as a 
fuzzy belief decision matrix in which the judgments of each decision maker were described 
as Fuzzy BS models, and then the Evidential Reasoning approach is used for aggregating the 
multiple decision makers’ judgments. A comprehensive performance evaluation method 
based on triangular fuzzy number and analytic network process (TFN–ANP) is proposed by 
Luo et al. (2010). In the method, an index evaluation system is first established and the 
interactive relationships of the evaluation indexes are analysed. Secondly, the index 
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evaluation decision-making matrix is constructed and the indexes attribute values are fuzzed 
with triangular fuzzy numbers. Thirdly, the evaluative indexes weights are determined by 
analytic network process. Then the concrete solving process is derived and the fuzzy utility 
value weights are ranked by the priority method with decision maker risk preference. But 
most of the models fail to evaluate performance considering strategic priority and market 
position of supply chain. For effective measurement of supply chain performance and 
variations in improvement, the following limitations need to be addressed: 
 
• Lack of strategic focus (the measurement system is not well aligned with strategic 
goals, organization culture or reward systems)(Pun and Sydney, 2005; Chan et al., 
2006; Morgan, 2007; Gomes et al., 2011). 
• Lack of system thinking, in which a supply chain must be viewed as one whole entity, 
and measured widely across the whole (Chan and Qi, 2003). 
 
A company’s strategic focus needs to be concentrated on competitive advantage since it is 
very crucial for measuring supply chain performance. Standard performance measurement 
system should evaluate the dynamic environment of business and changing requirements of 
customers.  Performance and market position of the supply chain need to improve. As such, 
to achieve effective performance measures the competitive performance of a supply chain 
must be aligned with the market strategy and position of supply chain actors. The following 
sections will discuss about supply chain competitive strategy and market position of the 
supply chain.  
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2.6 Supply Chain Strategy  
 
Strategy involves decisions relating to the selection of suppliers, the location of facilities, and 
choice of distribution. All of these decisions are driven by the need to satisfy customers. 
Chopra and Meindl (2007, pp. 22) defined supply chain strategy as the set of customers needs 
that it seeks to satisfy through its products and services (Ambe, 2010). Moreover, business 
competition has now shifted from firm basis to supply chain basis (Webster, 2002). Harland 
et al. (1999) pointed out that firms should strive to manage beyond the individual firm to 
entire supply network (Yee and Tan, 2004) (see Figure 2.5).   
 
Figure 2.5: Managing business process from individual business unit to supply network 
  
Supply chain strategy can be presented as an extension of operations strategy. While 
operations strategy addresses competitive priorities pursued by a single firm, supply chain 
strategy emphasises the objectives of the focal firm in dealing with its supply chain members 
(Lo and Power, 2010). The supply chain strategy is critically focused on inter organizational 
perspective. In Figure 2.5, it is clear that, the firm relationship can be viewed as network 
model and managed from strategic perspective rather than operational (Yee and Tan, 2004). 
Supply chain strategy is critical satisfying customers since order qualifying and order 
winning criteria are derived from customer. In addition to that, aligning market requirement 
with supply chain capabilities through supply chain strategy creates competitive advantages 
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(Hofmann, 2010; Soni and Kodali, 2011). David et al. (2008) defined supply chain strategy as 
creating values for customers. They also urged that firms need to focus on strategic supply 
chain management or the use of supply chain as a means to create competitive advantage and 
enhance performance. Soni and Kodali (2011) argued that the synchronization of supply 
chain strategy with business strategy can provide a competitive advantage. The overall 
objective is to enhance a firm’s performance and achieve market and business goal. 
 
2.6.1 Competitive Strategy and Performance 
 
Supply chain performance relates to competitive strategies since competitiveness in supply 
chain must aim to fulfil organizational goals. Dı´az et al. (2005) suggested that, in a PMS, 
financial and cost indicators should be complemented by non-financial measures related to 
quality, delivery and flexibility and integrated with management’s strategic objectives. 
Whereas, Hanson et al. (2011) viewed PMS as a process with dual functions: communicating 
strategies and controlling performance. Moreover, they also argued that the alignment of 
organizational activities with strategies leads to a competitive advantages. A company’s 
competitive strategy defines, relative to its competitors, the set of customer needs that it seeks 
to satisfy through its products and services (Soni and Kodali, 2011). David et al. (2008) 
emphasized supply chain strategy which means firms act as a chain to create competitive 
advantages and which enhance firm performance. Gomes et al. (2011) emphasized on 
understanding the scope, frequency and relevance of different performance measures for 
integrating organizational performance since such understanding tend to strengthen the 
linkages between business model, targeted competitive strategy and the operational 
performance required to sustain a competitive market position. Bakar et al. (2010) maintained 
that standard measurement system should serve to align the firm’s strategy with key 
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customer’s requirements so as to enhance customer loyalty. So, a competitive strategy can be 
the basis for defining business goals.  
 Hofmann (2010) provided a framework for understanding the linkage between 
corporate strategy and supply chain management. Without strategical priorities, firm’s short 
term decision will conflict with long term goals and performance. Hofmann (2010, pp. 258) 
also mentioned four levels of firm strategy: network, corporate, business unit and functional 
strategy. Network strategy concerns the inter organizational dimensions at which firms 
interact with each other while corporate strategy addresses industry attractiveness and deals 
with the ways in which a corporation manages a set of businesses together. Business unit 
strategy focuses on how a company should compete with its rivals. Finally, functional 
strategy focuses on operational activities such as purchase, production, logistics etc. From 
supply chain’s perspective it is so obvious that a firm needs to focus on all of these strategies 
to gain strategic advantage. But for cost competitive supply chain, functional strategy is 
mostly suitable since it directly relates to operational activities and improvements. 
Developing competitive position is very crucial for firm’s long term position in the 
market. Porter (1985) proposed generic strategies by which a firm can develop competitive 
advantage and create a defensible position (Yamin et al., 1997, pp. 162). The strategies are 
cost leadership, differentiation and focus by which a firm can attain a significant and 
enduring competitive advantage over rivalries.  
a) Cost leadership strategy is based on offering a product of having lowest cost, greater 
profit margins. This strategy requires minimizing the resource utilisation to reduce 
overall costs and also requires increased market share to enhance overall profitability.  
b) Differentiation strategy in based on offering a product either by design, technology or 
customer service. It can also increase the loyalty of customer towards product brands. 
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However, an in depth understanding of market dynamics is necessary to produce right 
products for sustained competitive advantage through differentiation. 
c) Focus strategy aims to satisfy the needs of a specific group of customers. 
Organizations should focus on a specific segment of market and thereby need to be 
distinct in between segmentary and niche markets.    
 
There are three different types of competitive strategies that can benefit a firm (Ambe, 
2010, pp.11). He pointed out some significant attributes of these strategies such as Cost 
leadership (efficiency, standardization, mass production, process improvement, reduced 
service, stability, cost accounting skill) and Differentiation (effectiveness, customization, 
shorter production run, product development, enhanced service, flexibility, strong marketing). 
An organizational ability to learn is a key strategic capability to compete in modern markets. 
Vijande et al. ( 2011) proposed organizational learning (OL) method to adapt different market 
strategies by analysing a firm’s strategic flexibility and competitive advantage which 
ultimately improved customer, financial and market related performance. This strategic 
behaviour allowed to reduce costs without damaging differentiation levels and to improve 
customer and business performance. So competitive strategies have significant effects on 
customer, financial and market related performances as obviously have ultimate effect on 
supply chain performance.   
The position of firm’s competitive strategy in determining the firm’s functional supply 
chain strategies has been the subject of a considerable body of previous research (Devaraj et 
al., 2004; Kathuria, 2000). Competitive priorities are linked to the strategic business 
objectives and goals of the manufacturing organization. Competitive priorities are a key 
decision variable for operations managers and researchers. Determining company’s 
competitive priorities, a firm need to be focused more on spending resources on competitive 
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priorities rather than non priority activities by which optimum resource is used as well as 
effective performance can be measured. Hult et al. (2007) examined the influence of 
competitiveness culture on supply chain performance and found positive synergies in varied 
market turbulence conditions. Sometimes, competitive priorities are also used synonymously 
to competitive strategy. Competitive priority or competitive strategy has received attention in 
literatures since they have potential effects on a firm’s performance. In the manufacturing 
environment, there are five well accepted competitive priorities: cost, time, innovativeness, 
quality, and flexibility (Leong et al., 1990). Similarly, Dı´az et al. (2005); Soni and Kodali 
(2011) prioritized the competitive strategies into: cost, quality, delivery and flexibility.  
 
Table 2.2  
 Competitive priorities for strategic supply chain management  
Competitive priorities Authors 
Cost, quality, delivery, flexibility (Boyer and Lewis, 2002; Dı´az et 
al., 2005; Soni and Kodali, 2011) 
Price/cost, quality, delivery, product innovation, time 
to market  
(Li et al., 2006) 
Time, quality, innovativeness, flexibility, cost (Devaraj et al., 2004; Kroes and 
Ghosh, 2010) 
Cost efficiency, speed, reliability, innovativeness, 
flexibility, collaboration 
(Saarijärvi et al., 2011) 
Speed, quality, cost, flexibility (David et al., 2008) 
Cost, reliability, speed and flexibility (Swafford et al., 2006) 
Price, flexibility, quality, delivery, service (Frohlich and Dixon, 2001) 
 
 
David et al. (2008) emphasized about four competitive priorities (speed, quality, cost and 
flexibility) to excel the value of supply chain. Speed (often referred to as cycle time) is the 
time duration from initiation to completion of the supply process. Quality refers to the 
relative reliability of chain activities. Supply chains' efforts to manage cost involve enhancing 
value by either reducing expenses or increasing customer benefits for the same cost level. 
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Flexibility refers to a supply chain's responsiveness to changes in customers' needs. Through 
balancing these four competitive priorities, best value supply chains attempt to provide the 
highest level of total value added. List of competitive priorities from recent literatures have 
been shown in Table 2.2. 
 Previously in Table 2.1 different performance metrics are listed. These metrics will be 
categorised into four competitive strategies such as cost, time, quality and flexibility which 
will be used in supply chain performance evaluation model in order to prioritize the 
strategies. These competitive strategies need to be aligned with the supply chain performance 
measurement system to fulfil organizational goals. Moreover, to analyse the performance of 
lean supply chain, we discussed elaborately on different strategies of competitive supply 
chain- especially on cost competitive supply chain and its strategic priority for lean supply 
chain. Considering cost competitive supply chain, cost leadership strategy (discussed earlier) 
will be address and discuss in lean supply chain performance evaluation model. Relative 
weight for each competitive strategy is used in fuzzy TOPSIS evaluation method to prioritize 
metric categories. Competitive strategies of supply chain will further determine the market 
position of different supply chains.  
 
2.6.2 Strategic Fit & Alignment  
 
Another important argument is the alignment of market strategy with the competitive 
performance of supply chain. Beamon (1999) argued that strategic objectives and 
performance measures need to coincide with organisational strategic goals. Lin et al. (2010) 
demonstrated how different strategies had different requirements for success and also urged 
that a performance evaluation should be tailored to strategic orientation. The organizational 
strategy applies to the application of supply chain performance in prior research. Krisztina et 
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al. (2006) have strong support in their study of the connection between strategy and SCM, 
particularly the findings of supply chain configurations and best practices. They also 
presupposed that companies should develop their external relations based on long run goals 
and develop into an externally integrated company with well developed inter-organizational 
processes, coordination systems and strategic partners. Green et al. (2006) also pointed out 
that to leverage the relationship between its market orientation and organizational success, a 
firm’s had to have a SCM strategy. Lo and Power (2010) investigated primarily on Fisher’s 
(1997) supply chain strategy model to identify the relationship in between product nature and 
supply chain strategy. They identified that in a hybrid strategy: both efficiency and 
responsive are required for effective supply chain strategy. Burton et al. (2004) found that the 
organizational strategy- the firm’s commitment to capital investment, innovation and quality 
were important determinants of firm performance. A successful strategy must be consistent 
with the characteristics of firm’s external and internal environment (Tsai and Tien, 2011). 
Therefore, strategic fit can be one of the major successful factors for a firm’s performance. 
So, for effective and efficient supply chain performance evaluation, firms need to emphasize 
strategic alignment. 
 
Recent research of Soni and Kodali (2011) found that the choice of competitive strategy 
and supply chain strategy influenced business and supply chain performance. They also 
revealed that the principle of strategic fit considers the degree of alignment between 
competitive situation, strategy, organizational culture and leadership which can enhance 
business performance. Kroes and Ghosh (2010) evaluated the degree of congruence (fit or 
alignment) between a firm’s outsourcing drivers and its competitive priorities and assessed 
the impact of congruence on both supply chain performance and business performance. 
Sahay et al. (2006) also mentioned about synchronization between supply chain and business 
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strategy. Many researchers from several countries have made attempts to empirically 
investigate this issue of SCS alignment/fit with corporate/business/competitive strategy in 
their respective ways. Tsai and Tien (2011) discussed the importance of strategic alignment 
of supply chain and strategic fit change considering industrial and geographical factors. 
Godsell et al. (2010) investigated that business alignment needed to ensure the congruence 
between product, marketing and supply chain strategy. But before that, supply chain 
alignment needs to be achieved where there is congruence between the supply chain strategy, 
the infrastructure (the physical supply chain and its assets) and the operating model (the way 
the physical supply chain will be managed). The overall business alignment model is shown 
in Figure 2.6.  
 
 
Figure 2.6: Business alignment model (Godsell et al., 2010) 
 
The business alignment model (Figure 2.6) illustrates the distinction between the supply 
chain and supply chain management. The supply chain being the infrastructure and supply 
chain management the way physical supply will be manage the supply chain, in terms of 
processes, governance and decision rights, organisational design and performance 
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management. This is an important distinction to make as strategic alignment affects all 
elements of both the supply chain. 
Soni and Kodali (2011) identified three supply chain strategies: cost reduction, capital 
reduction and service improvement and argued that the fit between business environment and 
supply chain strategy affects a firm’s performance. Evaluating the impact of congruence in a 
manufacturing organization is an intricate task complicated by the interdependencies that 
exist between the wide assortments of possible process configurations. Understanding the 
impact of congruence is further complicated by the existence of multidimensional strategies 
that a firm can adopt to achieve their goals. To investigate strategic alignment, it is first 
necessary to identify the type of fit that appropriately explains the relationship of interest. 
According to the classification of types of strategic fit proposed by Venkatraman (1989), 
there are six strategic fits: moderations, mediation, matching, gestalts, profile deviations and 
co variation (Soni and Kodali, 2011,  p. 71). They investigated the second type of functional 
fit such as mediation, which specifies the existence of a significant mechanism supply chain 
strategy (SCS) between competitive or business strategy and performance. The major 
findings revealed existence of a causal relationship between competitive strategy (CS) and 
SCS with CS as independent variable and SCS as dependent variable. It was also found that 
choice of CS and SCS affects business and supply chain performance. Kroes and Ghosh 
(2010) examined co- variation strategic fit and found that strategic fit across all five 
competitive priorities (time, quality, innovativeness, flexibility and cost) to be positively and 
significantly related to supply chain performance. So the competitive performance of the 
supply chain must be aligned with market and supply chain strategy as well as market 
position of the supply chain. Supply chain strategy and alignment with supply chain 
performance is discussed here since it is necessary for supply chain performance measures 
and evaluation methods.  Lean Supply chain performance evaluation method needs to address 
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this strategic alignment and competitive priority since they have effect on overall business or 
supply chain performance. After selecting competitive priority and strategy for cost 
competitive supply chain, now it is necessary to discuss about market position and orientation 
for this supply chain strategy and it will be discussed later.  
2.7 Supply Chain Performance & Market Position 
 
Slater and Narver (1994) maintained market orientation has a central role in marketing 
management and strategy with focus of on creating superior customer value while pursuing 
profits (Min et al., 2007). SCM literature suggests that two key factors that enhance supply 
chain performance: strategy orientations and innovation in channel integration where the 
strategy orientation models have been dominated by examinations of the relevant literature, 
including the factors of market orientation and resource orientation and focus on how to 
enhance supply chain performance (Jr et al., 2006; Min et al., 2007). Moreover, it is essential 
to discuss about market position after selecting competitive strategy for cost competitive 
supply chain. Barratt and Oke (2007) investigated resource based strategy orientation model 
and showed a linkage between supply chain visibility of demand, inventory level, process and 
overall performance. Lin et al. (2010) proposed a model to address the drivers of innovation 
in supply chain management. The result indicated a significant relationship market 
orientation and supply chain performance. The findings also revealed relations between 
resource integration and value co- creation associated with supply chain performance. Strong 
and effective market orientation can enhance the performance of supply chain. Building 
supplier relationships and becoming more market oriented have similar effects on customers 
and tend to impact the firm’s performance, in part, because the firm can respond to customer 
needs in a more timely fashion. Market orientation is an organizational culture that focuses 
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the company on generating market information, cross-functionally sharing that market 
information, and rapidly responding to that market information to positively impact the 
performance of the firm (Martin and Grbac, 2003). In another research, Stonebraker and Liao 
(2004) also emphasized on stronger market orientation which can enhance a firm’s 
performance because firms concentrate implementation on responding to its customer’s 
needs. Likewise, Rungtusanatham et al. (2003) also developed a framework to describe, 
explain and predict the linkage of firm’s operational performance with the entities of entire 
supply chain- from supplier to customer. So, it is necessary to understand and prioritize the 
necessity of market orientation on supply chain perspective.  
 Jr et al. (2006) urged about effective communication and collaboration among supply 
chain participants which further improved supply chain performance. This philosophy is also 
consistent with market orientation. Otto and Kotzab (2003) examined supply chain 
management profitability by developing six sets of metrics to measure the performance of the 
supply chain. The metrics covered the areas of system dynamics, operations research/IT, 
logistics, marketing, organization and strategy. Based on Martin and Grbac (2003), it was 
well established that effective market orientation as supply chain strategy had positive effect 
on organizational performance since, supply chain strategy as market orientation mainly 
focus on satisfying the needs of final customers of the supply chain. Kohli and Jaworski 
proposed that market orientation is a set of company oriented activities where firms need to 
practice three pillars of supply chain strategy- customer focus, co ordinate marketing and 
profit orientation to satisfy customers (Min et al., 2007).  But Slater and Nerver (1994) urged 
three behavioural components of market orientation as: customer orientation, competitor 
orientation and inter functional coordination where the last component can create and satisfy 
customers through continuous need assessment. Now, it is really important to understand and 
adapt different supply chain strategies based on customer oriented market position and 
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product types. It also provides competitive advantages to firms to sustain in global supply 
chain environment.  
Business competition has now shifted from being individual firm to supply chain 
basis. Further this relation among suppliers to customers has moved to multi directional 
process and communication. Since, firms are now facing significant level of complexities; 
they need to develop complex strategic choices and market positions for competitive 
advantages in the market. According to competitive priorities and product types, firm’s need 
to define and adapt different supply chain strategies and market orientations. Lo and Power 
(2010) investigated the relation in between efficient versus responsive supply chain strategy 
with product type. They discussed and modified the Fisher’s model with recent investigation 
of supply chain strategy. The result showed that the relation between product nature and 
supply chain strategy as by Fisher’s model is not significant rather than a hybrid strategy 
(both efficiency and responsiveness) was found to be employed by most organizations.  
 
Figure 2.7: Matching supply chain strategy with product nature (Fisher, 1997) 
 Wang et al. (2004) also mentioned about hybrid product group beside with functional 
and innovative and claimed that some products cannot be classified into the functional or 
innovative type, because they might mix the features of both product types. The “hybrid” 
product type is hence proposed to be separate from the functional and innovative groups. 
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Lamming et al. (2000) renamed the innovative group of the Fisher’s model as “innovative- 
unique group” since unique product is distinguished from innovative products but need same 
type of supply chain strategy. 
Researchers (Li and O'Brien, 2001; Wang et al., 2004; Wong et al., 2006; Selldin and 
Olhager, 2007) also attempted to fit different manufacturing paradigms into Fisher’s model. 
Wang et al. (2004) investigated different product characteristics to supply chain strategy and 
adopted supply chain operations reference (SCOR) model level I performance metrics as the 
decision criteria. An integrated analytic hierarchy process (AHP) and pre-emptive goal 
programming (PGP) based multi-criteria decision-making methodology was then developed 
to discuss the relation between product types to lean, agile and leagile manufacturing. Wong 
et al. (2006) also conducted a case study using Fisher’s (1997) model to focus how product 
characteristics affect supply chain responsiveness for a toy company. In their research, four 
characteristics (forecast uncertainty, demand variability, contribution margin, and time 
window of delivery) were used and an extension of Fisher’s (1997) model was proposed. The 
authors suggested that products could be classified into five different types- functional, 
innovative, suicide, dream, and intermediate. Li and O'Brien (2001) used multiple objective 
optimization model to detect variance of performance in relation to three typical supply chain 
strategies (manufacturing to order, manufacturing from stocks and manufacturing to stocks), 
and based on different product characteristics (value-adding and demand uncertainty). Their 
analysis disclosed some quantitative relationships between the performance of the supply 
chain strategies and product attributes. Selldin and Olhager (2007) also conducted an 
extensive empirical survey with data from 128 companies to investigate the relationships 
among product design and supply chain design, with specific reference to the product-supply 
chain model by Fisher. Significant relationships were found between product types and 
supply chain types, as well as concerning the impact of alignment on performance. All of the 
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above analysis showed some interesting results regarding Fisher’s model. The association 
between functional products and efficient supply chain strategy was supported by Selldin and 
Olhager (2007)’s model whereas, innovative products and responsive strategy was confirmed 
by Li and O'Brien (2001)’s model. Moreover, Wong et al. (2006) proposed an extension over 
Fisher’s model and suggested five product classifications for five different supply chain 
strategy. So, it is really still a question of further research on relations between product types 
and supply chain strategies for modern business perspective. 
Jones et al. (2000) investigated the new supply chain strategies to be truly interfaced 
with market place. They proposed a combined supply chain strategy by reducing value-added 
time via production technology breakthroughs. Firms need to have specific capabilities to win 
in competitive market. The definition of order qualifiers and order winners then logically 
leads to the specification of the appropriate manufacturing strategy. Hill (1993) had earlier 
developed the concept of “order qualifiers'' and “order winners'' against which it is advocated 
that manufacturing strategy should be determined (Christopher and Towill, 2001). 
Competitive strategies have crucial significance for not just the appropriate manufacturing 
strategy, but rather for an appropriate holistic supply chain strategy. Lo and Power (2010) 
discussed about competitive criteria on the basis of supply chain strategies (lean and 
responsive supply chain) which was the basis of Jones et al. (2000) model (see Figure 2.8). 
 
Figure 2.8: Order winners and qualifiers for lean and responsive supply chains (Jones et 
al., 2000) 
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 For lean or efficient supply chain, firms need to concentrate on quality, lead time and 
service level as market qualifiers whereas, quality and cost should be focused for agile or 
responsive supply chain. Furthermore, cost and service level is significantly critical for 
efficient and responsive supply chain respectively. Moreover, it is in the nature of 
competition that last year's market winner will be replaced this year by a former market 
qualifier (Christopher and Towill, 2001). So, to remain competitive, a firm needs to adapt 
different supply chain strategies based on product types, order qualifiers and order winner. 
Lean philosophy is one of many initiatives that major businesses around the world 
have been adopting in order to remain competitive in the increasingly global market 
(Womack et al., 1991; Schonbergerm, 2007). The focus of the lean approach is on cost 
reduction by eliminating non-value-added activities and using lean tools in order to be 
sustainable and optimise supply. The core thrust of a lean supply chain is to create a 
streamlined, highly efficient system that produces finished products at the pace customers 
demand with little or no waste (Shah and Ward, 2003).  Lean is applicable in many supply 
chains, particularly those seeking to improve performance by reducing waste.  For example, 
cost competitive supply chains can benefit from utilising lean to remove waste and reduce 
costs. So, lean is a suitable and effective method to improve supply chain performance. The 
following sections will discuss about lean process, principle, lean supply chain and different 
lean tolls and techniques.  
2.8 Lean Process & Principle 
 
The term “Lean” means a series of activities or solutions to eliminate waste, reduce Non-
Value Added (NVA) operations, and improve the Value Added (VA) process. This VA & 
NVA concept was derived from the Japanese production systems, especially the Toyota 
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Production System (TPS). But the word “Lean” or “Lean production” was developed from 
the Future Car Investigation by MIT, to interpret Japan’s new production system, particularly 
the TPS in order to distinguish it from mass production (Womack et al., 1991; Helper, 1997; 
Conti et al., 2006). Mass production produces many wastes; the waste is defined as anything 
that interferes with the smooth flow of production (Helper, 1997). The eight wastes which 
highlighted in TPS are overproduction, waiting, conveyance, over processing, excess 
inventory, excess movement, defects and unused employee creativity, and the biggest one 
being overproduction (Monden, 1998; Liker and Meier, 2006). Brintrup et al. (2010) 
quantified these wastes in terms of value drivers to perform the improvement opportunities 
throughout the supply chain process (see Figure 2.9). 
 
Figure 2.9: Lean manufacturing wastes to value drivers (Brintrup et al., 2010) 
The term “lean process” in the literature has many definitions. Womack et al. (1991, 
pp. 13) originally defined lean process as requiring “half the human effort in the factory, half 
the manufacturing space, half the investment in tools, half the engineering hours to develop a 
product in half the time” (Bayou and Korvin, 2008, pp. 289). Shah and Ward (2007, pp. 791) 
defined lean process as “an integrated socio-technical system whose main objective is to 
eliminate waste by concurrently reducing or minimizing supplier, customer, and internal 
variability”. Hopp and Spearman (2004) defined lean as the production of goods or services 
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that minimizes buffering costs associated with excess lead times, inventories, or capacity. 
According to other researchers (Rother and Shook, 1999); (Abdulmaleka and Rajgopal, 2007) 
lean production involves the identification of all types of waste in the value stream of a 
supply chain and the implementation of the necessary tools to eliminate them and minimize 
lead time. 
The lean philosophy seeks to reduce waste anywhere in the company, optimize core 
resources and establish a corporate culture dedicated to identifying and continuously 
fostering customer satisfaction. This philosophy was based on lean principle proposed by 
(Womack et al.,1991). The three core principles are identified as: identification of value, 
elimination of waste and the generation of flow (Melton, 2005, pp. 663) which were further 
generalized by the same researchers  into five principles (Wan 2006, pp. 273): 
 
1. Identify customer defined value 
2. Optimizing the value stream 
3. Converting the value flow smoothly 
4. Activating the demand pull 
5. Perfection of all products processes and services. 
 
The customer creates value for the organization based on needs, pricing, and timing 
for products or services. A series of information management and transformation tasks form 
the value stream for the product creation. The value added steps in the organization identify 
the product flow for production. Customers pull products from producers through product 
order mechanisms. The final principle integrates and perfects the system so the first four 
principles can be effectively implemented. So these principles guide the elimination of waste 
and the simplification of all manufacturing and support processes. Lean thinking and lean 
 57 
 
practices have become very important aspects of effective supply chain management (Li et 
al., 2005). Lean operating practices are the dominant drivers of a highly integrated and down- 
sized supply chain, promising both cost savings and productive working partner relationships. 
2.9 Lean Supply Chain Management 
 
The “Lean Supply Chain” involves the identification of all types of waste in the value stream 
of the supply chain and taking steps to eliminate them to minimize lead time (Rother and 
Shook, 1999; Abdulmaleka and Rajgopal, 2007), and has become a major strength of the lean 
production System (Womack et al., 1991). Current thinking advocates that for companies to 
be successful, they must build and be involved in highly integrated supply chains that can 
quickly support new market opportunities and be synchronized and streamlined to maximize 
efficiency and effectiveness (Supply Chain Council, 2008). In recent years the concept of 
supply chain management (Croom et al., 2000; Tan, 2001) has continued to develop in the 
direction of value or lean chain management  (Hines et al., 2004; Perez et al., 2010) which 
recognizes the importance of not only supplying or producing efficiently but ensuring that it 
is done in the context of a true understanding of demand. This requires that the entire chain, 
made up of all its processes and activities from the raw material stage up to final consumer, 
must be properly understood and managed with the objective of delivering a product of value 
to the end user. 
Lean production is one initiative that many major businesses all around the world 
have been trying to adopt in order to remain competitive in the increasingly global market 
(Womack et al., 1991; Schonbergerm, 2007). The focus of a lean supply chain approach is 
the cost reduction by eliminating non-value-added activities and using tools such as Just in 
Time (JIT), cellular manufacturing, total productive maintenance, and setup reduction to 
eliminate waste (Monden, 1998; Nahmias, 2001; Abdulmaleka and Rajgopal, 2007) not only 
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within the organization but also along the company’s supply chain network (Rathje, 2009). 
The core thrust of lean supply chain is that the lean tools can work synergistically to create a 
streamlined high-quality system that produces finished products at the pace of customer 
demand with little or no waste (Shah and Ward, 2003). Cox et al. (2004) stated that the lean 
approach can only succeed for products which operate in chains characterized by regularity, 
high volume and standardized demand The lean approach operates best when there is a 
predictable demand with supply certainty, as a result of which functional products can be 
created (Cox and Chicksand, 2005). The overall attributes for lean supply chain is 
summarized in Table 2.3 (Naim and Gosling, 2011). 
 
 Table 2.3  
 Attributes for lean supply chain implementation (Naim and Gosling, 2011) 
 
Attributes Lean Supply Chain 
Integration Purchase, Manufacture, Suppliers, Quality 
Planning Confirmed orders and forecasts 
Product Life Cycle Long  
Product Variety Low 
Suppliers Involves low costs and high quality 
Demand Pattern Accurately forecasted 
Inventory Minimum inventory 
Lead Time Shorter lead time 
Profit Margin Low 
Stock out penalty Long- term contracts 
 
 
Managing and integrating the supply chain links between suppliers and manufacturers 
can be managed by analysing these attributes and also by focusing on suppliers commitments 
to the ideals of lean production (Kannan and Tan, 2005). 
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2.9.1 Lean Supply Chain Tools, Techniques & Continuous Improvements 
 
Designing and implementing new lean tools and techniques is crucial for a lean supply chain. 
Waste minimization is the core objective from business perspective. Different lean tools like, 
single minute exchange of die (SMED), line Balancing, Concurrent Engineering, process 
layout, total quality management (TQM), total productive maintenance (TPM) can be 
implemented considering existing production scopes and wastes into the process. An overall 
concept of how the facility should ideally operate is developed and expressed here which also 
follows the third principle of lean that is the flow of the production. It is challenging to 
identify the appropriate lean tools for production process of a company. 
 
Lean thinking starts with customer demands and finishes with delivering value to 
customers removing possible wastes and non value added activities. For this reason, 
researchers and lean practitioners use different lean tools in different production situations. 
Lewis’ (2000) analysis confirmed that organizations do not all follow the same path or 
employ the same tools in their efforts to develop a lean production system. White et al. 
(1999) compared the implementations of lean production techniques at small and large U.S. 
manufacturers. Results of the study showed that large manufacturers were able and more 
likely to implement lean techniques than the small U.S. manufacturers. Although some of the 
techniques provided better results depending on the firm size; practices such as setup time 
reduction, multi skilled employees and Kanban system provide better organizational 
performance regardless of firm size. In research, Jina et al. (1997) pointed out that it is 
difficult to apply lean principles to the ‘‘high product variety and low volumes’’ 
environments due to turbulences in schedule, product mix, volume, and design. In adaptive 
assessment model, Wan and Chen (2009) grouped 12 lean tools (Autonomation, Concurrent 
Engineering, Line Balancing, Manufacturing Cell, Productivity, Pull, Quality, Single Minute 
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Exchange of Die (SMED), Standard Work, Visual Control, VSM, and Worker Flexibility)  
and separated them considering volume and repetitiveness of product. They presented an 
adaptive lean assessment approach by which lean tools can be selected in different situations 
of volume and repetitiveness of product. Shah and Ward (2003) examined the effects of plant 
size, plant age and unionization over 22 lean practices which have effects on operational 
performance. They classified these practices into four main categories: just-in-time, total 
productive maintenance, total quality management, and human resource management. The 
evidence suggested a strong influence of plant size over lean implementation and lean 
practices contributed substantially to operational performance. Value stream mapping 
technique developed by Rother and Shook (1999) has become one of the most commonly 
used lean tools. Current state and future state maps visually display the flow of value streams 
together with time-based performance creating a sense of urgency and indicating 
improvement opportunities. Melton (2005) also suggested five key lean tools especially for 
process industries named kanban, 5S, Visual control, Poke Yoke and SMED and discussed 
their significant benefit such as less process waste and rework, reduced process lead time and 
inventory, increase process understanding and financial savings. In another research in 
machine tool industries, Eswaramoorthi and Kathiresan (2011) conducted a survey to identify 
the level of total 36 lean practices. The result revealed that only 32% of the companies had 
implemented lean tools. They concluded that the major reasons for low level of lean 
implementation were anxiety in changing the mind-set of workers, lack of awareness and 
training about the lean concepts, and cost and time involved in lean implementation. 
Pavnaskar et al. (2003) identified 101 lean manufacturing tools and developed a seven-level 
classification scheme to categorize these tools. So for the last few decades, many researchers 
had discussed and proposed some of the more commonly implemented lean manufacturing 
tools (Shah and Ward, 2007; (Karlsson and Ahlstrom, 1996); Detty and Yingling, 2000; 
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Sánchez and Pérez, 2011;  Motwani, 2003; Bhasin and Burcher, 2006). The most common 
lean tools which are especially applicable in this step of designing new method are Line 
balancing, concurrent engineering, Cellular manufacturing, Process layout, 5S, SMED, TQM, 
TPM, Autonomation, Although all the lean tools are strongly dependent on the product 
volume and initial investment capability of the company. 
According to the fourth principle of lean, a production process should be arranged like 
a pull system where the wastes are eliminated from the process and from customer to 
manufacturer; the flow of the product is smooth and with minimum non value adding 
activities. Various Lean adaptive methods (Just in Time, Cellular manufacturing, Process 
Integration) are applied in this phase to confirm the value to the customer with minimum 
wastes in the process. For any change or improvement in the process, the customer as well as 
manufacturer needs to adopt with lean approach (which demands changes in existing process) 
and for this reason, this adoptive mind set is essential for each and every employee in an 
organization. Another important criterion for lean implementation is the establishment of 
long term method. Anvari et al. (2010) included continuous improvement techniques as a 
change process in third stage (lean implementation) of his three stage lean implementation 
road map. Hobbs (2004) also implemented Kaizen as a continuous improvement method in 
his methodological model of lean manufacturing. Wan and Chen (2009) developed a web- 
based decision tool using adaptive lean assessment approach where they used a continuous 
improvement stage to assess manufacturing leanness. Continuous improvement process for 
leanness improvement is a repetitive task where value conversion occurs over time (Kuhlang 
et al., 2011). Different lean tools and techniques basically decrease the input resource by 
increasing the desired output values (Bayou and Korvin, 2008). Finally, the optimum value is 
desired with increased value added tasks as well as reduced wastes (see Figure 2.10).  
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Figure 2.10: Process leanness cycle with continuous improvement techniques 
According to Wan and Chen (2009); Automation, 5S, Error Proofing, Kaizen are the 
different lean tools to implement in the last stage of lean implementation. The culture for 
continuous improvement techniques need to be developed and every employee related to 
process should willingly change their mind set as well as working attitude towards lean 
system or continuous improvement philosophy. 
For several decades firms are utilising continuous improvement process to enhance 
their core competitiveness using SCM often have not succeeded in maximising their supply 
chain’s potential because they have failed to develop the performance measures and metrics 
needed to fully integrate their supply chain partners to maximise effectiveness and efficiency 
(Gunasekaran et al., 2004). Lockamy and McCormack (2004); Cai et al. (2009); Cuthbertson 
and Piotrowicz (2011) mentioned about lack of systematic approach to prioritize measures 
and metrics in performance evaluation models. Since SCM is viewed as a philosophy that 
each firm in the supply chain can directly or indirectly affects the performance of all the other 
 63 
 
supply chain members and overall supply chain performance, the efficient and effective use 
of this strategy can be achieved by functional alignment between supply chain partners. The 
Supply Chain Operations Reference (SCOR) model was developed by the Supply Chain 
Council (SCC) to assist firms in increasing the effectiveness of their supply chains, and to 
provide a process-based approach to SCM (Lockamy and McCormack, 2004). SCOR 
provides companies with a basic process modelling tool, an extensive benchmark database, 
and guidelines on how to measure the supply chain operations. The details of SCOR model 
and the effects of lean tools over SCOR model will be discussed in the following sections. 
2.10 Supply Chain Operation Reference (SCOR) Model 
 
SCOR is a model developed and endorsed by SCC as the cross-industry standard for supply 
chain management. SCOR defines the supply chain as the integrated processes of Plan, 
Source, Make, Deliver and Return, spanning from suppliers’ supplier to customers’ customer, 
aligned with Operational Strategy, Material, Work, and Information Flows (see Figure 2.11). 
SCOR model is a process reference model and a standard metrics to measure process 
performance, management practices that produce best-in-class performance. Shepherd and 
Günter (2006) described SCOR as a “systematic approach for identifying, evaluating and 
monitoring supply chain performance. Its guiding principle is that a balanced approach is 
crucial; single indicators (e.g. cost or time) do not adequately measure supply chain 
performance, which must be measured at multiple levels. SCOR combines elements of 
business process engineering, benchmarking, and leading practices into a single framework. 
Hwang et al. (2008) defined SCOR model as a supply chain performance evaluation model 
which could provide a consistent supply chain management framework, including business 
process, performance evaluation and the best practice. All participants in the supply chain 
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including, manufacturers, suppliers, retailers, customers can improve their performances by 
communicating effectively via the reference model.   
 
 
Figure 2.11: Conceptual framework for SCOR based supply chain infrastructure 
(Gulledge and Chavusholu, 2008) 
 
In earlier sections, there were discussions about existing performance evaluation models 
and methods and their limitations to address systematic approach to measure supply chain 
performance. Most of them lack a systematic approach and consider an adequate number of 
measures as well as a strategic view. In recent times, researchers (Gunasekaran et al., 2004; 
Neely et al., 2005) have attempted to respond to these arguments by designing systemic and 
balanced performance measurements systems or flexible measurement approaches (Beamon, 
1999). Perhaps the most well known of these is the SCOR model. Huan et al. (2004, pp. 24) 
listed the essential elements of SCOR model: a) standard description of management 
processes, b) relationships among processes, c) standard metrics to measure performance, d) 
management practices, and e) standard alignment with softwares to functionality. Persson 
(2011) discussed three parts of SCOR model: a) a modelling tool, b) a set of key performance 
indicators, and c) a benchmark tool. Normally, SCOR model consists of three hierarchical 
levels. The SCOR model contains three levels of process details. Level I is the top level and 
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deals with process types which consists of plan, source, make, delivery and return. Level II is 
the configuration level and deals with process categories and strategies. Level III is the 
process element level. Hwang et al. (2008) also mentioned fourth level which defines specific 
supply chain management practices that aim to achieve competitive advantages and to adapt 
to changing business conditions. Despite all the attempts regarding performance measures 
systems using SCOR frameworks for supply chain management, research is yet to address a 
critical issue to unravel, 
 
″Lack of integration in between performance measurement systems with human 
resource management (HRM) and modern manufacturing practices such as total 
quality management, business process re-engineering, just-in-time, or new 
information technologies″ (Neely, 2005; Shepherd and Günter, 2006; Morgan, 2007). 
 
This lack of integration can be addressed establishing a standard framework of 
performance metrics and measurement methods which can be integrated with competitive 
strategies as well as modern manufacturing practices such as, lean supply chain. Hanson et al. 
(2011) claimed that incomplete measures are not enough for an organisation to deal with the 
changing environment (for example: JIT, advanced manufacturing system). The effects of 
modern improvement practices on performance metrics need to be addressed to incorporate 
the synchronizations with company’s strategic objective and performance measurement 
system.  
2.10.1 Effects of Lean Supply Chain Tools & Techniques over SCOR 
 
In an increasingly competitive global environment, businesses are introducing approaches 
such as total quality management (TQM), JIT, business process reengineering (BPR) and 
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supply chain management (SCM) to enhance their performance and gain competitive 
advantage (Soni and Kodali, 2011). Researchers believe that tools for measuring an 
organization’s need and ability to develop an agile business strategy within the context of a 
virtual organization are important. Research on supply chain management has focused on the 
need for closer relationships between customers, suppliers and other relevant parties, in the 
search for competitive advantage (Lamming, 1996). These relationships can enable the 
establishment of a supply chain competitive strategy such as lean supply chain. This thesis is 
mainly focused on cost competitive supply chain where 47% of appropriate metrics are 
related to cost factors. One of the effective ways of value creation is to reduce wastes from 
each pier of supply chain by applying a new concept: lean supply chain. Lamming (1996) 
identified three specific features for the theory of lean supply chain- cost transparency, 
relationship assessment and excuses and blame which could help for the comparison of lean 
supply to supply chain management. 
The concept of lean has had significant positive impacts on the productivity in various 
industries. Pioneers of lean manufacturing developed a large number of tools and techniques 
that allow lean experts to tackle various problems, eliminate wastes, and become lean. But 
only a few of them (e.g., value stream mapping, Just in Time and lean assessment tools) 
support lean practitioners in identifying the problematic areas especially in supply chain to be 
improved. In this research, SCOR is the base model to identify the appropriate metrics to 
evaluate supply chain leanness and for this reason, the effects of different lean tools and 
techniques over five basic processes of SCOR model and these are listed in Figure 2.12. 
Various researches had been carried out to investigate the effects of lean tools over 
performance of the supply chain in terms of profitability, lead time and cost reduction, 
productivity. In Figure 2.12, the effects of various lean tools over different supply chain piers 
have been outlined.  Several have investigated the possible effects of lean tools over the 
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SCOR processes. For example, Kuhlang et al. (2011) mentioned that VSM had effect in plan 
stage by increasing productivity and reducing lead time. Similarly, other lean tools and their 
effects over different SCOR processes is shown in Figure 2.12 and analysed later since the 
analysis about the effects of lean tools over performance metrics is noteworthy to design the 
appropriate metrics for lean supply chain study. 
 
 Plan  Source  Make  Delivery  Return 
 VSMb 
                                        FMSa,g, CIMa, SMEDa,c,g, RFID, GTa, CMa,d             
               5Sf , TPMh, HRMh 
                              MRPa, MRP-II, BOMa, MTMb                      EOQc,d, TQMd,e,h, Pull systeme,f  
  
JITa,d,f,g,h, JIT-2a,i, Kaizen, ERPa, EDIa,j 
VSM- Value stream mapping; MRP- Material requirement planning; BOM- Bill of material; MTM- Method time measurement; FMS- 
Flexible manufacturing system; CIM- Computer integrated Manufacturing; SMED- Single minute exchange of die; RFID- Radio frequency 
integrated device; GT- Group technology; CM- Cellular manufacturing; TQM- Total quality management; JIT- Just in  time; JIT-2- 
Supplier-customer relationship; MRP-II- Manufacturing resource planning; EDI- Electronic data interchange; EOQ- Economic order 
quantity; TPM- Total productive maintenance; HRM- Human resource management; 
a- (Gunasekaran et al., 2001); b- (Kuhlang et al., 2011); c- (Ramasamy, 2005); d- (Fullerton and Wempe, 2009); e- (Eroglu and Hofer, 
2011); f- (Wan, 2006); g- (Kojima and Kaplinsky, 2004); h- (Shah and Ward, 2003); i- (Adamides et al., 2008); j- (Abernathy et al., 2000)   
 
Figure 2.12: Effects of different lean supply chain tools and techniques over SCOR 
model 
Wan (2006) mentioned JIT as the grounds for low work in progress (WIP), low unit 
cost, more profit, low inventory and high quality. Since JIT implies a pull system which also 
causes shorter lead time, low inventory. Gunasekaran et al. (2001) studied the effects of lean 
tools over SCOR processes and concluded that different lean tools had effects over order 
cycle time, customer satisfaction, cost saving initiatives, information accuracy, inventory 
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turnover, efficiency, total cost, rework costs and quick response. All the effects might be 
during the overall process or any interim process of supply chain. Customers today demand 
high quality products with high product variety, small lot sizes as well as short lead times. To 
response to these demands, manufacturers are forced to take initiatives allied to setup time 
reduction, cellular manufacturing, and quality improvement (Fullerton and Wempe, 2009). 
All these initiatives enable producers to serve customers in a timely manner, and profitably. 
In other research, Kuhlang et al. (2011) introduced methodical approach that connects Value 
Stream Mapping (VSM) and Methods Time Measurement (MTM) and offered new distinct 
advantages to reduce lead time and increase productivity based on lean principles and 
standardised processes. Working on lean management accounting system, Ramasamy (2005) 
considered small lot size and SMED lean principle and showed significant reduction in cycle 
time and production overhead costs.  
The effects of lean tools and techniques on supply chain performance or more 
specifically over each pier of supply chain process (plan, source, make delivery and return) 
have been discussed here. Improvements regarding these tools have significant effects on 
supply chain metrics. So, it is quite apparent that lean tools can benefit to measure supply 
chain performance and can also be used based on different supply chain strategies. The lean 
supply chain can mitigate the lack of co ordination between performance measures and lean 
tools and techniques. However, appropriate performance metrics for cost competitive supply 
chain will be discussed in chapter 4 and how supply chain strategy can be fitted with 
competitive strategy using relative weights to performance categories. Considering lack of 
effective performance measures including quantitative and qualitative metrics; variations in 
performances in dynamic environment and market positions of cost competitive supply chain; 
the following section proposes the research question and hypothesis.  
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2.11 Research Questions, Conceptual Framework and Hypotheses 
 
This research focused on developing lean supply chain model, evaluating supply chain 
performance effectively and identifying relationships with product type, lean tools and supply 
chain performance. The primary questions addressed by this research are: 
 
1. How can appropriate performance metrics be incorporated in lean supply chain? 
 
2. How the impact of use of lean tools on a supply chain performance can effectively 
be measured?  
 
3. How does product type affect the use of lean tools and its impact on supply chain 
performance in terms of cost, time, quality and flexibility? 
 
These questions are derived from the literatures and research gap regarding supply 
chain performance evaluation contexts. Addressing these questions, a framework of this 
research has been established and shown in Figure 2.13.  
 
 
 
 
 
Figure 2.13: Conceptual framework of the research 
Product Type Lean Tools and 
Techniques 
Supply chain 
performance 
Evaluation 
Quality  Flexibility  
Time  Cost  
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First two questions are significantly important to find out an effective method of 
measuring supply chain performance which can include quantitative and qualitative 
metrics. Impact of lean tool needs to be included into the method to measure supply chain 
performance effectively. Moreover, method needs to address competitive priorities over 
four supply chain strategies (cost, time, quality and flexibility). Considering these facts, 
the effective method of lean supply chain performance evaluation is proposed in 
conceptual framework while the effects of cost, time, quality and flexibility over supply 
chain performance will also be considered. Since, an effective performance measurement 
method has always been under debate and requires further research exploration (Beamon, 
1999; Chan and Qi, 2003; Gunasekaran et al., 2004), a hypothesis for effective supply 
chain performance evaluation method is proposed: 
 
Hypothesis 1: Using fuzzy logic, quantitative and qualitative metrics can be incorporated 
into a supply chain performance measurement. 
 
Since, business competition has shifted from being between individual firms to a supply 
chain basis; the relations among trading partners are further complicated (Lo and Power, 
2010). This leads to more complex strategy choices and the need to develop effective 
competitive positioning of supply chain. Moreover, a supply chain needs to engage in 
continuous improvement processes and competitive strategies to achieve its goal of 
fulfilling customer orders more quickly and efficiently than competitors. Thus, it is 
necessary to investigate the effects of product type on lean tool selection and supply chain 
performance for cost competitive supply chain or especially for fast fashion products. 
Considering these issues, the following hypothesis is proposed: 
 
 71 
 
Hypothesis 2: Effectiveness of the use of lean tools in supply chain depends on market 
strategy (product volume and price). 
 
 Use of right lean tool is very crucial for different supply chains. Effectiveness of the 
use of lean tools is highly depends on different product type i.e. product volume and 
price. To investigate this relationship, three propositions are further proposed. Three 
different product types are chosen and their effects on lean tools selection are investigated 
by the following propositions,   
 
Proposition 1: The use of lean tools improves the performance of high volume high price 
product supply chains.   
 
Proposition 2: The use of lean tools improves the performance of low volume high price 
product supply chains. 
 
Proposition 3: The use of lean tools improves the performance of high volume low price 
product supply chains. 
 
To investigate the hypotheses is very crucial to test conceptual framework. Developing a 
lean supply chain model based on SCOR framework incorporating quantitative and 
qualitative metrics is one of the main objectives of this research. Appropriate metrics which 
is based on SCOR model will be proposed including non- lean and lean metrics. Using 
appropriate metrics from lean supply chain model; Fuzzy TOPSIS method is used to test the 
first hypothesis by which single performance value can be developed to measure the 
improvements for lean supply chain. Competitive strategy analysis for three different apparel 
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supply chain products will be then performed to test the effects of lean tools on three different 
apparel supply chain product performance by which the last three hypotheses will be tested. 
Different values regarding appropriate metrics are collected from an apparel company. The 
company implements different lean tools and techniques which improves the performance of 
entire supply chain. The methodology of collecting data, research approach, data collection 
techniques, model formulation and overall case supply chain will be discussed in next 
chapter.        
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Chapter 3 
Methodology 
 
The previous chapter identified the gap in the literature concerning a lack of effective method 
to measure lean supply chain performance. Furthermore, little was known about how lean 
tool selection and product type (especially, product price) affect supply chain performance. 
This chapter describes the research method used to develop models, acquire and analyse data 
in order to address these issues. The chapter begins by establishing the research approach in 
which this research occurred. From this, the development of lean supply chain model is 
defined. How quantitative and qualitative metrics are included in the proposed performance 
evaluation model is also mentioned here. The choice of multiple case supply chains is then 
described and justified. The chapter then details the research data sources and how data was 
collected. Data gathering techniques are then detailed followed by a description of the 
particular technique used to describe and explain data gathering techniques. Finally, a 
discussion of the interview design is followed by the brief explanation of overall case supply 
chain. 
3.1 Research Approach 
 
A researcher can conduct academic research using various methods: inductive, deductive or 
both. In this study, an inductive quantitative approach is primarily applied for selecting 
research techniques, multiple case situations, data collection and the performance evaluation 
model. 
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  Alvesson and Sköldberg (1994) defined case studies as an inductive approach which 
is based on a grounded theory where the empirical data collection is done early in the process 
(Sandberg, 2007, p. 20). Oghazi (2009, p. 71) defined it thus: “The inductive method is based 
on empirical data from which the researcher formulates models and theories based on 
different events in reality”. Sandberg (2007) compared the inductive approach with applying 
multiple case studies and mentioned that the multiple case studies could be used for verifying 
existing theory and/or also could be aimed at generating new theory. Hence the empirical 
material was eventually discussed at a theoretical level more carefully than was the case in 
the survey study itself. So, using multiple case studies could be labelled as an inductive 
research approach. 
In contrast to the inductive approach, the deductive method is more related to a survey 
based process. Sandberg (2007) mentioned that an empirical data collection through 
questionnaire survey is clearly a deductive approach. The theoretical framework of SCM 
literature functions as the basis for the research question which in turn was broken down and 
further specified into questions in the questionnaire through a deductive approach. Sullivan 
(2001) explained it as “If the researcher employs pre-existing theories and investigates these 
by applying different empirical methods, then the researcher is following a deductive 
approach”. The formulated theory or model provides the foundation for deciding what 
information should be selected, how it should be understood, and finally, how to relate the 
results to the theory (Oghazi, 2009). Since, multiple cases were examined for data collection 
and these data were used to validate a fuzzy based performance evaluation approach, an 
inductive approach is best suited for this research. 
Both quantitative and qualitative methods can be applied in academic research for 
collecting data. As Sogunro (2001) mentioned, both approaches are intended to create a better 
perception of the surrounding environment and to gain comprehension of how individuals, 
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groups, systems and institutions act and influence one another. Lindner (2009) defined them 
thus: “Qualitative research offers the opportunity to carefully communicate with and capture 
the experience of the interviewed participants, while quantitative research requires 
standardized measures and is often expressed in the form of numbers to verify and test facts”. 
In qualitative research, a large amount of information and data is often gathered, in many 
cases a surplus of information is collected. In general, qualitative research is based on three 
different kinds of data collection methods: interviews, observation and written documents 
(Lindner, 2009, p. 27) while Ngwainbi (2008) classified them as: interview, participant 
observation and ethnographic study. He viewed quantitative methodology as collecting data 
by surveys and structured interviews. Qualitative work involves a diagrammatic 
representation of interaction between individuals which enables concrete data to be collected, 
measured and compared with a standard. Oghazi (2009) defined them thus: “A quantitative 
method is structured and formalized, and it utilizes the scientific method to find plausible 
answers for the research problem while qualitative research is concerned with words, 
pictures, descriptions and narratives”. Furthermore, quantitative research is controlled by the 
individual conducting the investigation and statistical methods used play an essential role. 
Qualitative research is regularly based on thoughts and beliefs, i.e. data that are not 
quantified, and the most important purpose of qualitative analysis is often to reach a deeper 
understanding of a specific phenomenon, such that there is no need to draw any general 
conclusions.       
So, the approach applied here can be classified as an inductive quantitative approach, 
since multiple case situations are examined, then a quantitative method is used to evaluate the 
performance of the lean supply chains. 
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3.2 Model Development 
 
Quantitative research demands for a combination of data collection through case study and 
mathematical model formulation and analysis. Yin (1993) acknowledged the difficulties in 
analysing case study evidence and noted that there were not any particular set ways or 
methods to accomplish the task. The challenge in this research is to make use of data 
collected through multiple cases studies.  Jamieson (2007) urged the necessity of building a 
logical process whereby case study evidence was examined in the context of the theory 
proposed. A systematic interpretation of the empirical data is needed to be able to understand 
the final conclusions of the study (Berkeley, 2005). Furthermore, it is necessary to recognize 
that the decisions on how the data is collected and analysed can have long-term analytical 
consequences on the results and therefore a holistic planning of the study from the beginning 
should be encouraged. In this context Lindner (2009) proposed a systematic way of analysing 
case study data by: a) reducing the volume of raw information, b) transferring data from 
trivial to significant, c) identifying important patterns, and d) developing a framework for 
communicating the results of the revealed data.  
  Initially, an extensive literature review was conducted and a conceptual framework 
was assumed to identify the effects of different lean tools, competitive strategies and product 
type over supply chain performance. The objectives are to develop a lean supply chain model 
to measure improvements in performances and to identify the overall effects of lean tools and 
the product types over supply chain performance. Initially, a lean supply chain model was 
developed proposing appropriate performance metrics (non-lean and lean metrics) based on 
the SCOR model. Then the data was collected for three different apparel products with three 
different cost competitive supply chain situations. Data was collected from the case company 
through questionnaires and electronic channels such as emails and Skype. Related 
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quantitative and qualitative data regarding appropriate metrics were then analysed, 
summarized and incorporated into a SCOR framework to develop a lean supply chain model. 
A fuzzy method was applied to convert the values of both quantitative and qualitative metrics 
into triangular fuzzy numbers to measure the performance of the lean supply chain model. 
The fuzzy TOPSIS method was then applied to analyse the improvements in supply chain 
performances in two situations: before and after lean implementations. The development of 
the lean supply chain model, appropriate SCOR metrics, and the fuzzy TOPSIS based 
performance evaluation model are discussed in the following two chapters. 
3.3 Case Study Methodology 
 
In this research, multiple case situations from a single case study were conducted for data 
collection. Existing literature revealed that a case study is an appropriate method for a 
quantitative approach. Since the quantitative method is structured and formalized (Oghazi, 
2009), the case study is one of the effective data collection options. Yin (1994, p. 23) defined 
a case study as: “An empirical inquiry that investigates a contemporary phenomenon within 
its real-life context; when the boundaries between phenomenon and context are not clearly 
evident; and in which multiple sources of evidence are used”.  
The necessity of a case study is crucial in collecting data from respondents compared 
to merely using the survey method. Furthermore, the case study approach enables a deeper 
understanding of the answers, where the researcher is able to directly discuss the respondent’s 
answers with follow-up questions. As a research methodology, case studies have been used to 
research areas as diverse as psychology, sociology, economics, information systems and 
management. Case studies provide a method for investigating complex social phenomena, 
such as decision-making that can holistically encompass many aspects and characteristics of 
real-life events (Yin, 1994). 
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Eriksson et al. (1997) identified three major research strategies available to a 
researcher: experiments, surveys, and case studies while Yin (1994) embraced these but 
recognized two additional research strategies used in the social sciences, namely history and 
archival analysis. Yin (1994) showed five different research strategies based on different 
situations. But selecting an appropriate methodology is crucial and depends on three major 
considerations which are: (1) the type of research questions that are posed, (2) the extent of 
control an investigator has over the actual behavioural events and (3) the degree of focus on 
up-to-date rather than historical events. So, “how” and “why” based research questions and a 
focus on contemporary events are obvious for case study methodology.  
Table 3.1 
Relevant situations/ methods for different research strategies (Oghazi, 2009) 
 
 
Benbasat et al. (1987, p. 370) described three reasons why case study research is 
particularly appropriate. First, the researcher can study information systems in a natural 
setting, learn about state of the art and generate theories from practice. Second, the case 
method allows the researcher to answer “how” and “why” questions, that is, to understand the 
nature and complexity of the processes taking place. Questions such as “How does a manager 
effectively introduce new information technologies?” are critical ones for researchers to 
pursue. Third, a case approach is an appropriate way to research an area in which few 
previous studies have been carried out.  
 79 
 
Considering the research objective, question and degree of specific focus, a case study 
method has been selected for this research. All the above conditions have also been met in 
this research. Firstly, a conceptual framework and assumptions regarding research theories 
were established from an extensive literature review of supply chain performance. Secondly, 
the research question was formed mainly focusing on developing a lean supply chain model 
based on the SCOR model and appropriate metrics, and the established objective was set as 
finding out about the supply chain performance before and after lean implementation using a 
fuzzy TOPSIS method. Thirdly, this research is trying to evaluate performance for a cost 
competitive supply chain by looking at case study in the clothing industry, so it is assumed 
that this industry contains specific characteristics, though some generalisations about supply 
chains may be made. 
3.4 Multiple Supply Chains 
 
Deciding how many cases are appropriate to examine entirely depends on the research aims 
and the point at which theoretical saturation is reached (Jamieson, 2007). Miles and 
Huberman (1994) agreed and argued that an increased number of cases depend on 
understanding and explanation of a problem. Case studies can be used for exploratory studies 
(Sandberg, 2007). Ellram (1996) argued that a case study approach can be excellent for 
creating new theory, explain best practice companies, and to provide a better in-depth 
understanding of something. Eisenhardt (1989) argued that understanding and theory 
generation can be achieved by examining as few as four cases and that additional cases are 
not required once theoretical saturation is reached. Other authors, such as Benbasat et al. 
(1987) have observed that quality, rich IS research can be achieved with as few as two cases. 
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Research data collection focuses on multiple supply chains to identify appropriate 
performance matrices and a performance evaluation model for lean supply chains. The 
objectives of this research are to develop lean supply chain model, measure the performance 
of a supply chain effectively and to investigate the effects of product types on different lean 
tool selection and supply chain performance. The relations of these linkages are mentioned in 
the conceptual model and need to be studied in multiple cases.  
3.5 Data Source 
 
Research was conducted to evaluate lean supply chain performance and data was collected 
from a single company in the clothing industry whose major approach in the market is the 
cost competitive strategy. The customer mainly focuses on price and lead time for clothing 
products while the profit margin for the entire supply chain largely depends on cost. So, data 
was collected through multiple case observations by observing three different clothing 
products with different supply chains. The company has a competitive reputation in the 
global market and has adapted different lean tools and techniques, for these reasons the 
organization was selected for data collection and case observations. The company was also 
selected since they were in the process of implementing different lean tools and techniques 
from planning to execution and product delivery to customers, to achieve better company 
performance.  
This research is significant for measuring performance for a cost competitive supply 
chain and found similar competitive strategies practiced across the case studies in the 
mentioned company. As data was collected before and after lean implementation, this 
research focused on the effects of different lean tools on performance measures. A total of 
nineteen metrics were selected and these recorded the effects of different lean tools (i.e., 
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enterprise resource planning (ERP), value stream mapping (VSM), the Kanban and the pull 
system, 5S and standardized work measurement) over those metrics.  
Metrics related to planning, sourcing, making, delivering and feedback were 
examined and the values for those metrics were recorded over six months in two different 
conditions; before and after lean tools implementation. Moreover, other values regarding the 
main suppliers of the selected supply chain products, customers, retailers, and the product 
manufacturer’s positions and strategies were also attributed to the data after data collection 
and examination. Executives and managers from various departments (i.e., industrial 
engineering, finance and commercial, logistic and supply chain, merchandising, sales and 
distribution, planning and control, and quality control) were the contact persons for data 
collections and interviews. Data sources included internal organisational documentation, 
reports and archival records, complemented by interviews. Use of these multiple sources of 
evidence assisted in the triangulation of conclusions and the validation of the proposed 
conceptual framework. According to Yin’s (1994) work, this triangulation added to the 
construct validity of this research. 
 Research can collect data from either of two types of sources, primary and secondary 
or both (Oghazi, 2009, p. 74). The sources of data collecting immensely depend on the 
purpose and objective of the research. Collecting data from a primary source is more time-
consuming but provides the researcher with more control and a better understanding of 
subjects/objects. When a researcher decides to collect data from a population which is most 
appropriate for setting research objective and defining variables of the problem, then a 
primary source is the best option for collecting relevant data. However, if the nature and the 
design of the study are such that existing data are readily available in the literature or 
databases of the private or public sector then the researcher may use these secondary sources 
which contain data collected and assembled at a previous time for other purposes than the 
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current research problem. The benefits of secondary data are that it can usually be collected at 
a lower cost and more rapidly than primary data. 
 Secondary sources of data have been used in this research. The company was in the 
process of applying different lean tools, recording different values regarding performance 
metrics and updating all the information at regular intervals. Since the company was willing 
to provide information for this research, most of it was collected from their database, through 
electronic exchange from relevant contact persons. Moreover, semi-structured interviews 
were also conducted among some executives and managers for other information which 
helped tremendously to validate the model for lean supply chain performance. In this 
instance, interviewees were selected since they had been closely involved in the planning, 
sourcing and manufacturing supply chain functions and were in a position to act as 
information providers and decision-makers as well as executing functions within the supply 
chain.      
3.6 Interviews/ Emails 
 
In this research, telephone interviews were conducted, followed by self administered 
questionnaires which were distributed and collected electronically (email and web solutions). 
Interviews were conducted based on a set of twenty questions (see Appendix A). Questions 
were based on procedures, in order to obtain information regarding supply chain performance 
metrics. They were mostly used to measure the effects of different lean tools over the cost, 
time, quality and flexibility of the supply chain. Dane (1990) stated that an interview 
instrument should have a clearly defined topic (Jamieson, 2007, p. 82). The topic for the 
interview was the factors used to make decisions relating to the research objective. Data 
gathered included the participant’s role within the organisation, the type of organisation, the 
type of research, and the factors that the participant considered in decision making. Four 
 83 
 
themed categories of questions were devised to elicit information from interviewees: buyer, 
supplier, manufacturer and logistics. These categories of interview questions were developed 
in response to the literature review and in order to provide the relevant information required 
to address the research questions. For example, Section 1 (Appendix A) was developed to 
collect information regarding the effects of lean tools over cost, time, buyer proposed price, 
desired quality and delivery lead time, way of communication with manufacturer and any 
additional costs as well as any other practices which add value to the supply chain. Similarly, 
the other three sections were delivered for collecting relevant information about the supplier, 
manufacturer and logistics perspectives.  
An interview may be classified as structured, semi-structured, in-depth or 
conversational (Ngwainbi, 2008, p. 7). Lindner (2009) listed three types of interviews: face-
to-face, telephone and group interviews. A face-to-face interview offers the opportunity of 
personal reflection, explaining the asked question in more detail and having better control of 
the answers. Jamieson (2007) mentioned that face-to-face interviews were particularly 
advantageous as they allowed the interviewer to clarify questions and ensure the responses 
were understood. Most researchers and scholars are in general agreement that personal 
interviews or face-to-face interviews are superior to the other methods since they allow 
suppleness and nearness to the respondents (Oghazi, 2009). They also involve consent to 
two-way communication, which gives the researcher the option to enthusiastically participate 
in the interview. On the other hand, this method is also the most expensive and time 
consuming of all available options, particularly when there is a geographic dispersion among 
respondents. So, personal or face-to-face interviewing was not conducted for this research. 
 Collecting data over the telephone might decrease the biasing effect experienced 
during a face-to-face interview. It is clear that this method of information gathering is also 
much more cost effective than personal interviews, particularly if the sampled population is 
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relatively large and geographically dispersed (Oghazi, 2009, p. 76). This method can be 
conducted at a rapid pace, as the interviewer can enter responses directly into various types of 
computer databases for future analysis. Certainly, data collection through telephone 
interviews also has some major limitations, such as the limited duration of interviews and the 
relative ease with which any irritated or bored respondents can terminate extensive 
interviews. Other interviews are also effective to some extent. For example, group interviews 
provided a special opportunity since they allowed the participants to further discuss their 
thoughts and to generate data collectively which would not have been contributed in single 
interviews.  
The self-administered questionnaire method is a convenient option for data collection 
with some advantages and disadvantages. The most noticeable advantages of self-
administered data collection lie in its economical aspect. Compared to personal and telephone 
interviews, questionnaires are usually much cheaper, particularly if data is to be collected 
over a wide geographic area. Additionally, respondents have a sense of anonymity and there 
are smaller time constraints associated with self-administered questionnaires than for other 
primary data collection methods. However, in the self-administered questionnaire method the 
questions asked should be very precise and cautiously deliberated upon. For this reason, the 
probability for misinterpretation and incomplete information is much higher when an 
interviewer is not present to clarify or provide additional information if needed.  
Questionnaires survey and data collection can be done via mail, email and other 
electronic exchange as well (Lindner, 2009, p. 28). A questionnaire of twenty questions 
related to lean supply chain performance methods had been distributed to the company 
personnel via electronic email. Questions covered different issues related to four major areas 
i.e., supplier, buyer, manufacturer and logistics and transportation of supply chain. One of the 
major objectives of this research is to examine the effects of lean tools over supply chain 
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performance and for this reason effects of lean tools on those major areas are considered in 
questionnaires selection. Related documents for example: production sheet, technical 
specifications, salary details, archival evidence and questionnaire responses of respondents were 
collected electronically (i.e. via email, telephone, and the web). Questionnaires related to 
appropriate performance metrics are also considered for this reason.       
3.7 Overall Case Supply Chain 
 
Since the research objective is to develop effective performance measurement method for 
lean supply chain, it required collecting data from a cost competitive lean supply chain. A 
lean supply chain (LSC) employs continuous improvement efforts that focus on eliminating 
waste or non-value steps along the chain. It is supported by efforts to achieve internal 
manufacturing efficiencies and setup time reduction, which enable the economic production 
of small quantities and enhance cost reduction, profitability, and manufacturing flexibility to 
some degree (Vonderembse et al., 2006). This research data was gathered from a company 
where different lean tools, techniques and programs are conducted. Both buyer and 
manufacturer were willing to spend money on implementing lean tools and techniques. 
 This research examined multiple cases in a clothing company. The products studied in 
this research have a large number of suppliers and buyers. The case manufacturer company 
(Sigma1 Clothing Manufacturing Company) has the reputation of making and selling high 
quality products in Europe and America. The manufacturing factory is situated in Bangladesh 
where labour cost is cheap but the quality of clothing is appreciable. Different supply chains 
for different products were chosen. The first supply chain (Motion Pant) was chosen for its 
high volume, longer production time and higher price. This supply chain has eight suppliers 
                                                             
1 For reasons of confidentiality, the name of the manufacturer cannot be disclosed. Sigma is a pseudonym. 
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and Engelbert Strauss is the buyer, a European based company for work wear and protective 
equipment which develops practice-orientated products for trade, industry and the service 
sector. Broad Peak Inner Jacket production line was selected for its higher price and low 
volume characteristics whereas Classic Fresher Pant was chosen for its shorter production 
time, lower price and high volume characteristics. The other buyers (e.g., Jack Wolfskin, 
Nike) are from Europe and the U.S. respectively, exporting globally and have reputations of 
selling high quality products. All the buyers as well as the manufacturing company use 
different lean tools and techniques as well as improvement programs. Nike facilitates various 
training sessions (e.g., Nos Lean line project) within the Sigma factory. Moreover, Sigma 
management has applied different lean tools (ERP, VSM, Kanban and a pull system, 5S and 
standardized work measurement). These lean tools have been applied to the production lines 
containing Motion Pant, Broad Peak Inner Jacket and Fresher Pant products. The 
performance metrics which are selected for this research were measured in these production 
lines before and after lean implementations and improvements were analysed after 
implementing different lean tools and techniques.  
It will be shown that these lean tools have significant effects on those metrics, 
although results varied for the different products. Four competitive strategies (cost, time, 
quality and flexibility) were analysed by a fuzzy TOPSIS method to find the effects of supply 
chain performance in a cost competitive market. Since these products have different 
competitive strategies, the performances of these supply chains have significant variations. 
The details of lean supply chain model development through the SCOR model and 
implementation framework and formulation of quantitative and qualitative data for the SCOR 
model for three different apparel product supply chains will be discussed in the next chapter.  
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Chapter 4 
Development of Lean Supply Chain Model 
 
Increasingly firms are adapting lean supply chain management (LSCM) practices to reduce 
costs, increase market share and build solid customer relations. SCM are now focusing on 
closer relationships between suppliers, customers and other relevant parties. The efficient and 
effective use of lean strategies can be achieved by functional alignment between supply chain 
partners. Attributes of LSC are listed in Table 2.3. Since, SCM is viewed as a philosophy 
whereby each firm in the supply chain can directly or indirectly affect the performance of all 
the other supply chain members and overall supply chain performance, it is then necessary to 
measure performance effectively. In this case, SCOR is the best suited model which can 
provide a common supply chain framework, common metrics with associated benchmarks 
and best practices within the chain by which LSC performance can be measured. The SCOR 
model was developed by SCC to assist firms in increasing the effectiveness of their supply 
chains and to provide a process-based approach to SCM (Lockamy and McCormack, 2004). 
This chapter starts by establishing the necessity of SCOR implementation levels to model 
quantitative and qualitative metrics into single framework which is followed by proposing 
appropriate supply chain metrics incorporating non- lean and lean metrics. These metrics are 
used to measure the performance of LSC. Another significant contribution of this study is 
implementing different lean tools and techniques and identifying their effects across SCOR 
processes. Considering appropriate metrics, LSC performances can then be measured 
effectively before and after lean implementation. Performance metrics are incorporated into a 
single SCOR framework by which performance of LSC can be measured. Establishing 
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appropriate performance metrics and effective method to measure LSC performance satisfy 
the first two objectives of this study.  
To test the framework proposed, case studies were conducted. Values of different 
performance metrics are then recorded for three supply chain products. Product’s value flow 
within various departments within supply chain is mapped through value stream mapping 
(VSM). VSM identifies value added and non- value added activities for product flow by 
which wastes are identified and most importantly the effects of lean tools over performance 
metrics are measured. So, implementing VSM is another contribution by which the second 
objective of measuring the impact of lean tools on supply chain performance is satisfied. Data 
formulation techniques for both quantitative and qualitative metrics from secondary data as 
well as implementation of different lean tools are discussed next. Finally, SCOR 
implementation frameworks for three supply chain products to develop LSC models are 
established. These frameworks are finally used to evaluate performance of LSC.  
4.1 SCOR Implementation Levels 
 
SCOR is a reference model used as a tool to map, benchmark, and develop the operations of 
supply chains (Persson, 2011). SCOR provides companies with a basic process modelling 
tool, an extensive benchmark database, and guidelines on how to measure the supply chain 
operations. The SCOR model provides a common process oriented language for 
communicating among supply chain partners in the following decision processes: plan, 
source, make, deliver and return. Among three SCM research classifications: operational, 
design and strategic, SCOR is best suited for strategic decision-making models. Moreover, 
the strength of the SCOR model is its standard format of communication which is a special 
tool for top management to design and reconfigure its supply chain to achieve the desired 
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performance. So, for strategic supply chain modelling, the SCOR metrics and framework are 
required to understand the dynamics of the supply chain; make critical evaluations of supply 
chain alternatives and determine supply chain competitiveness.      
 
 
 
 
 
 
 
Figure 4.1: Levels of SCOR Model (Thakkar et al., 2009). 
 
 
 
 
 
 
 
 
 
Figure 4.1: Levels of SCOR Model (Thakkar et al., 2009) 
 
The SCOR model defines two types of performance attributes (Persson, 2011). The 
customer-facing performance attributes are divided into reliability, responsiveness and 
Level 1 
Define the scope and content for the SCOR model. Here basis of 
competition and performance targets are set 
Level 2 
A company’s supply chain can be “configured to order” at level 2 from 26 
core “process categories”. Companies implement their operations strategy 
through the configuration they chose for their supply chain  
Level 3 
Defines a company’s ability to compete successfully in its chosen market 
and consists of: 
• Process element definitions 
• Process element in formations inputs and outputs 
• Process performance metrics 
• Best practices, where applicable 
• System capabilities required to support best practices 
• Systems/ tools 
Companies fine tune their operations 
Level 4 
Companies implement specific supply chain management practices at this 
level. Level 4 defines practices to achieve competitive advantage and to 
adapt to changing business conditions 
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flexibility and the internal-facing attributes are cost and assets.  All these SCOR metrics are 
discussed in chapter 2. Level 1 (process type), Level 2 (process category) and Level 3 
(process element) all contain a set of metrics that can be used for process evaluation. Each 
process also contains a list of best practices that can be used to improve the metrics which 
needs to be included in Level 4 (implementation level). The metric levels and best practices 
to improve the process by SCOR modelling is analysed and discussed here. Thakkar et al. 
(2009) produced a framework (Figure 4.1) for levels of the SCOR model and the linkages 
among the processes of SCOR model, which was supported by Gulledge and Chavusholu 
(2008), who also discussed the possible linkage between supply chain best practices and 
process elements in the SCOR model. This overall model business framework provides a 
common language to facilitate horizontal process integration across different firms and piers 
(levels) in the supply chain.  
The various levels of SCOR model define the scope, types, categories and elements of 
the core supply chain processes. The model describes a high level business process associated 
with all phases of satisfying customer needs. At the highest level (Level 1), the model is 
associated with five supply chain processes (plan, source, make, deliver and return). It 
defines the scope and content for the SCOR model and competitive targets are also set here. 
Then, in next level (Level 2), the model provides a business process configuration with 
standard descriptions and interdependencies among processes (Gulledge and Chavusholu, 
2008). Companies implement their strategies through the configuration they choose for their 
supply chain (Lockamy and McCormack, 2004). Now, the hierarchical model decomposes to 
the third level, which is the process element. Level 3 defines a company’s ability to compete 
successfully in the chosen competitive market by generalizing the model process into specific 
process elements. These three levels provide a framework for analysing, designing and 
implementing supply chain planning process. The above levels demand another level for 
 91 
 
practising specific supply chain improvement tools and techniques. Level 4 defines practices 
to achieve competitive advantages and to adapt to changing business conditions (Lockamy 
and McCormack, 2004).  This level emphasizes best supply chain practices and in 
combination with the upper three levels of processes it can be used as an implementation 
guide to improve overall supply chain performance.  
The effects of different improvement and evaluation tools and techniques on the 
SCOR model have been discussed previously by which the performance can be improved and 
evaluated. The values regarding Level 3 metrics are identified and monitored in two 
situations: before and after lean implementation, by which the effects regarding best practices 
are monitored and measured. Thakkar et al. (2009) identified two broad benefits of the SCOR 
model and framework. Firstly, the model provides a linkage between business objectives 
(strategic and tactical) and supply chain operations (quantitative impact of revenue and cost 
financial performance). Secondly, the framework provides the systematic approach for 
identifying, evaluating and monitoring supply chain performance by proposing a set of 
metrics. Supply chain competitive strategy is considered in the proposed fuzzy TOPSIS based 
performance evaluation method in chapter 5, while the method for identifying appropriate 
metrics, measuring and calculating metric values are discussed in the following sections.   
4.2 Supply Chain Appropriate Metrics 
 
The literature on supply chain management dealing specifically with performance 
management and metrics is quite vast. For effective performance evaluation, measurement 
goals must represent organisational goals and metrics selected should reflect a balance 
between financial and non-financial measures that can be related to strategic, tactical and 
operational levels of decision-making and control (Gunasekaran et al., 2004). Likewise, it is 
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really indispensable, for feasibility purposes, to reduce many of the established performance 
metrics to a relatively low number that are more effective for performance evaluation.  
The author proposes here a list of appropriate metrics (Figure 4.2) to evaluate the 
performance of a cost competitive supply chain (in this study a clothing supply chain was 
chosen) and all the metrics are selected from research papers by Shepherd and Günter (2006) 
and Gunasekaran et al. (2001).  
 
 
                            1. Purchase order cycle          1. Production time                             
                              1. Profit/piece ($)                    time (days)                              / piece (mins)                                 1. Price/piece ($) 
                             2. Cost of goods                 2. Suppliers defect                     2. Overhead cost                                 2. Customer 
                       sold/piece ($)                       free delivery (%)                     / piece ($)                        1. Total logistic cost ($)               satisfaction 
 
 
 
                 1. Accuracy of forecasting     1. Mutual assistance in          1. Manufacturing cost        1. Delivery lead time           1. Buyer- manufacturer  
                   Techniques (%)                         Solving problems             2. Effectiveness of master       (days)                                    relationship level    
                 2. Total cycle time (days)                                             production schedule       2. Ability to response            2. Quality of delivered  
                 3. Production efficiency/line (%)                                             /line / day (%)           demand                                 goods 
 
 
 Non lean metrics (Italic)      
 Lean metrics (Normal) 
 
Figure 4.2: Appropriate metrics for cost competitive supply chain performance 
evaluation 
 
Shepherd and Günter (2006) provided a taxonomy of performance measures (in terms 
of cost, time, quality, flexibility and innovativeness) using five SCOR processes while 
Plan 
Performance 
Source 
Performance 
Make 
Performance 
Delivery 
Performance 
Return 
Performance 
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Gunasekaran et al. (2004) used the same processes and developed supply chain measures at 
strategic, tactical and operational levels of the SCOR framework. In this research, all the 
metrics had been grouped according to different processes of the SCOR model: plan, source, 
make, deliver or return) to calculate individual performances at each process as well as the 
overall supply chain performance. SCOR spans all customers, product and market 
interactions surrounding sales orders, purchase orders, work orders, return authorizations, 
forecasts and replenishment orders. It also encompasses material movements of raw material, 
work-in-process, finished goods and returned goods. This study assigns four categories of 
metrics: cost, time, quality and flexibility, which have been analysed and summarized from 
the recent literature (Table 2.1).  
Another important characteristic is the weighting given to different performance 
metrics and categories. Beamon (1999) argued that cost metrics had a larger proportion of 
importance (42 per cent) than non-cost measures such as quality (28%), time (19%), 
flexibility (10%), and innovativeness (1%). In SCOR processes, he argued that few measures 
were concerned with the process of return, or customer satisfaction (5%), in comparison with 
measures of other aspects of the supply chain process such as plan (30%); source (16%); 
make (26%) and deliver (20%). Interestingly, in another work, Gunasekaran and Kobu (2007) 
also suggested quite similar percentages of 50%, 15%, 35%, 12% and 27% respectively for 
the performance metrics of planning, supplier, production, delivery and return. Moreover, the 
authors mentioned that quantitative performance received 85% of attention compared to 15% 
of non-quantitative metrics where Beamon (1999) similarly found these percentages to be 
82% and 18% respectively. Thus the author’s proposed appropriate metrics are based on 
those observations and show that 47% of the total metrics are cost metrics where the rest of 
the percentages are 21%, 21% and 11% for time, quality and flexibility, respectively. 
Moreover, 74% of metrics are quantitative in nature compared to 26% qualitative measures. 
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As the metrics are mainly selected for a cost competitive supply chain, it is unsurprising that 
more metrics are based on cost measures. In the five SCOR processes, plan holds 26% of 
appropriate metrics and the rest of the proportions are 16%, 21%, 16% and 21% for source, 
make, deliver and return processes.  
 Arshinder et al. (2008) mentioned the challenges of effective supply chain 
coordination and performance evaluation since supply chains are generally complex and 
characterized by numerous activities spread over multiple stages.  Present study proposes 
here a set of appropriate metrics which is based on five SCOR processes. The metrics have 
been chosen from four critical performance categories and represent a combination of 
quantitative and qualitative measures. Measuring qualitative metrics involves a degree of 
imprecision and uncertainties of data make the metrics difficult to measure.  
Sigma Clothing Manufacturing Company and three distinct clothing products will be 
discussed in the following sections. Methodologies for recording and collecting data 
regarding values of appropriate metrics will be discussed. 
4.3 Sigma Clothing Manufacturing Company 
 
The proposed performance evaluation model is validated by multiple case data analysis and 
data were collected through case study in Sigma Clothing Manufacturing Company. Sigma is 
a multination garment manufacturing company with factories in different regions of the globe 
i.e., China, Korea, Bangladesh, Vietnam, El Salvador, Mexico, India and the U.S.A. Sigma 
has a global reputation of manufacturing best quality products with reasonable labour and 
material price. Above US$100 Million of annual sales was recorded last year by Sigma. The 
company has a huge number of skilled workers, with executives, managers and a number of 
expert engineers also working for the last few years. Sigma is ISO 9001 certified and exports 
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mainly to North America, Eastern and Western Europe. This research examined multiple 
supply chain products in the factory located in Bangladesh. 
 Underwear, night wear and sportswear are produced, with the major garment types 
including pants, jackets, jerseys and hoody jackets Moreover, Sigma also manufactures 
garment accessories and costume and fashion jewellery products. The factories throughout 
the world follow safety precautions with regular follow up initiatives as part of ISO 9001. 
Engineers from Sigma practice modern manufacturing and supply chain practices to ensure 
high quality products with minimum lead time and quality defects. Lean tools, techniques and 
improvement approaches are the current standard supply chain strategies, which have been 
demanded by buyers from the U.S.A. and Europe.  
Lean tools are normally applicable for products ordered in large numbers, with 
definitely forecasted demand and a cost competitive supply chain situation. Sigma applies 
lean tools on various products for both large and small orders. But supply chain performance 
of products for large orders is much higher than for small order products. This research has 
the objective of evaluating lean supply chain performance and for this reason three different 
product profiles were chosen. Data was then analysed based on three different product 
natures: high volume - high price product, low volume - high price product and high volume - 
low price product. Garment products with high and low production times with medium and 
low prices are treated as normal styles and have a large number of orders, whereas high price 
products are critical styles and very complex to produce. The objective is to evaluate and 
compare the performances of different supply chains, as they change with product volume 
and prices under lean environments. The details of these three supply chain situations are 
discussed in the following sections with the necessary calculations and descriptions. 
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4.4 Case 1 (High Volume, High Price Product) 
 
4.4.1 Motion Pant Supply Chain 
 
Motion Pant has a higher production time to produce one garment and the price is also higher 
compared to other styles. Since this product has large number of orders, the company treats it 
as a normal product. Main customer (Engelbert Strauss) orders 10, 00,000 pieces of this 
product with a reasonable delivery lead time of 225 days for 21,900 pieces lot size. Due to 
the large order and lead time, Sigma has applied various lean tools and techniques to increase 
its overall performance. Moreover, the buyer also arranged yearly training programs to 
enhance the quality and lead time for this product. Approximately eight renowned local and 
foreign suppliers are involved for the supplies of fabrics, accessories, labels and packing 
materials. The details of supplies are mentioned in the Bill of Material (BOM).  
This pant is fully exported to European markets as the main buyer, Engelbert Strauss, is 
a European based company and the leading European mail-order company for work wear and 
protective equipment.  It works with a worldwide network of manufacturers, designers and 
technicians to develop practice-orientated products for trade, industry and the service sector. 
The company has 800 employees and holds in stock around 20,000 items of work wear, 
protective equipment and accessories. The values of trust, innovation, design and dynamics 
have been evolving for generations and still describe the foundation of their commercial 
actions. Motion Pant is a high quality fashionable product and there is a considerable demand 
for it in European markets. To produce it involves a large number of parts and processing 
steps. According to its technical sheet, the detailed specifications of the pant are given below: 
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Figure 4.3: Motion Pant technical sketch with various parts descriptions 
 
The garment is designed for flexibility and comfort. It consists of the main following 
parts: bottom collar, belt loop, legs, knee pockets, hand pockets, mobile pocket, back pockets. 
It also has silicon badges, flag labels, cordura and flexible inserts. The lists of fabrics, 
accessories, trims, labels and packing material are listed in Table 4.1. Investa is the main 
supplier for Motion Pant since it supplies most of the items i.e., Cordura fabric, labels, 
badges, embroidery, hangtags and tapes. Zippers, zipper pullers and velcro are supplied by 
YKK; flex belts and knee pad hangtags from Jointak. Moreover, Ten Cate, 3M, Shishili, 
Bowsmart and Yao Shing also supply shell fabric, trim fabric and different accessories as 
well. Most of the suppliers are well renowned in the garment industry and provide best 
quality supplies and accessories to maintain quality inputs. Some of the suppliers are also 
registered by Engelbert Strauss” to ensure best quality Pant.  
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Table 4.1 
Bill of material with product descriptions, accessories lists and suppliers for 
Motion Pant 
Material Item Description and placements Supplier 
Shell Fabric 
TC Twill Collar 1, 2 and knee pocket inside Ten Cate 
Cordura Collar 3 and 4 Investa 
Trim Fabric 
Reflective 
fabric 
Collar 5 and 6 
3M 
Facings Waist band inside 
Accessories/ 
Trims 
Zipper Centre font, hand pockets and lateral pockets 
YKK 
Zipper Puller Lateral pockets 
Velcro 
Hook + Pile at waist tab, lateral and knee 
pocket flap 
Hook at mobile and lateral pocket flap 
Mobile and lateral pocket 
Button Jean button with Ostrich logo 
Shishili 
Snap 
Ostrich logo and D+B+C+D snap in side 
pocket, side pocket flap and right back pocket 
flap  
Tape Gross grain tape at waist inside 
Bowsmart 
Elastic Band 
Flexible and non- print at waist inside and 
outside 
Label 
Silicon logo 
badge 
Convex Ostrich and wording inside CB waist 
and mobile pocket flap 
Investa 
Silicon flag 
label ESB32 
Engelbert strauss registered design at right 
back pocket 
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Embroidery 
Ostrich logo at right knee pocket and pocket 
flap 
Canvas tape 
with logo 
Woven logo tape with print of ‘ Outside///// 
engelbert strauss, Inside: Motion’ and Woven 
logo tape with print of ‘ Motion///// engelbert 
strauss at lateral pocket zipper pullers, inside 
waist band and hanger loop 
Care Label Woven jacquared label at waist right inside 
Size Label Woven jacquared label at waist right inside 
PO Label 
Printed label (PO # / supplier code) at inside of 
care label 
CE Label Woven jacquared label at waist right inside 
Cordura Label Right side seam 
Cordura 
Hangtag 
 
Flexbelt 
Hangtag 
 Jointak 
3M Stochlite 
Hangtag 
 3M 
Knee pad 
Hangtag 
 Jointak 
Packing 
Polybag with 
ziplock 
Ostrich logo print 
Yau shing 
sticker Printed sticker at polybag 
 
Motion Pant is a high quality product with standard supply chain activities. Based on its 
supply chain and production process, a VSM of this product is developed and presented in 
Figure 4.4. According to the value stream mapping (VSM), the supply chain starts with 
material supplies from various suppliers (mentioned in BOM) to the Material Control 
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Department (MCD). Fabric and accessories then pass through three major functional 
departments: cutting, embroidery and swing before passing to the packing zone. Finally, the 
finished garment is shipped to a final buyer through its agent Engelbert Consolidator. VSM is 
an effective tool to identify value added and non- value added activities by which process 
wastes within a product supply chain can be identified. In this study, VSM is particularly 
used to identify non- value added activities as well as identified possible areas to implement 
lean tools to improve performance metrics. The details of different lean tools and their effects 
on performance metrics are mentioned in section 4.4.4. In this supply chain, there are three 
tiers of chain: buyer (Engelbert Strauss), manufacturer (Sigma Manufacturing Company) and 
supplier (Investa). Except for Cordura fabric supplies, other items (packing, labels and other 
accessories) were kept as in house inventory of the manufacturer.  
 
 
Figure 4.4: Motion Pant value stream mapping (VSM) 
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As the lead time for receiving Cordura fabric from Investa is the highest among all the 
items required, it is considered as the upstream case supply chain in this study.  By 
investigating buyer, manufacturer and Cordura fabric supplier as the sample supply chain for 
Motion Pant, the entire supply chain can be seen to start with the Cordura fabric supplies, 
followed by production in Sigma and finishing with delivery to Engelbert Strauss. 
Initially, average production time for one pair of pants was anticipated at 102 minutes 
with US$23.5 as the production cost. The order amount was 10, 00,000 pieces and this started 
to feed into 6 production lines from mid January, 2011. In total nineteen performance metrics 
were selected (see column 3, Table 4.2) in four possible performance categories of cost, time, 
quality and flexibility, nine of them being cost measures. Four metrics each were selected 
from time and quality and two flexibility metrics were chosen.  
 
   Table 4.2 
              Motion Pant supply chain measured metrics and categories 
Performance 
Categories 
Metric 
Id 
(𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′  
 ) 
Performance 
Metrics 
(Units) 
Metric  
Type 
Data source/ 
Departments 
Cost 
𝑥𝑥𝑖𝑖11  Profit/ piece ($) Quantitative/Benefit Finance and 
Commercial 
𝑥𝑥𝑖𝑖12  Production efficiency/ 
line/week (%) 
Quantitative/Benefit Industrial Engineering 
𝑥𝑥𝑖𝑖13  
Effectiveness of master 
production schedule/ 
line/week (%) 
Quantitative/Benefit Industrial Engineering 
𝑥𝑥𝑖𝑖14  Cost of goods sold/ Quantitative/ Cost Finance and 
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piece ($) Commercial 
𝑥𝑥𝑖𝑖15  Manufacturing cost/ 
piece ($) 
Quantitative/ Cost 
Finance and 
Commercial 
𝑥𝑥𝑖𝑖16  Overhead cost/ Piece 
($) 
Quantitative/Cost 
Finance and 
Commercial 
𝑥𝑥𝑖𝑖17  Total logistic cost/ 
21900 pieces ($) 
Quantitative/Cost 
Logistics and Supply 
Chain 
𝑥𝑥𝑖𝑖18  Price/piece ($) Quantitative/Cost Merchandising 
𝑥𝑥𝑖𝑖19 Mutual assistance in 
problem solving ($) 
Qualitative /Cost Industrial Engineering 
Time 
𝑥𝑥𝑖𝑖21  Total cycle time/21900 
pieces (days) 
Quantitative/Cost Industrial Engineering 
𝑥𝑥𝑖𝑖22  Purchase order cycle 
time (days) 
Quantitative/Cost Sales 
𝑥𝑥𝑖𝑖23  Production time/piece 
(Minutes) 
Quantitative/Cost Industrial Engineering 
𝑥𝑥𝑖𝑖24  Delivery lead time/ 
21900 pieces (days) 
Quantitative/Cost 
Logistics and Supply 
Chain 
Quality 
𝑥𝑥𝑖𝑖31  Customer satisfaction Qualitative/Benefit Merchandising 
𝑥𝑥𝑖𝑖32  Buyer- Suppliers 
relationship level 
Qualitative/Benefit Sales 
𝑥𝑥𝑖𝑖33  Quality of delivered 
Goods (%) 
Quantitative/Benefit Merchandising 
𝑥𝑥𝑖𝑖34  Accuracy of 
forecasting techniques 
Qualitative/Benefit Planning and Control 
Flexibility 
𝑥𝑥𝑖𝑖41  Suppliers defect free 
delivery (%) 
Quantitative/Benefit Sales 
𝑥𝑥𝑖𝑖42  Ability to response 
demand 
Qualitative/Benefit Finishing and Quality 
 
 The second column shows metric id where, n =1 to 4 and t =1 to 19.  Metrics can be 
either measured by number (quantitative) or linguistic terms (qualitative). Benefit metrics 
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mean the more the better and cost metric means the less the better. Performance metrics 
whether they are qualitative/ quantitative or cost/ benefit in nature are also mentioned in the 
fifth column in Table 4.2. The last column in Table 4.2 shows the sources (Sigma 
departments) of all data presented in this research.  
Many of these metric values were not directly available from the case study supply 
chain. Some values needed to be determined and calculated using different equations and 
rules. The following sections will describe this in detail.  
 
4.4.2 Descriptions and Calculations for Quantitative Metrics 
 
Most of the values of performance metrics are determined by comparing them with standard 
production time/ piece. Normally, this is called standard minute value (SMV) for the fashion 
industry, which is the standard time to make one garment (in minutes). Free on board (FOB), 
is also sometimes used as a product cost for the manufacturer. Direct material and labour 
costs, transportation and mark up costs are used to calculate product cost. So, FOB can be 
defined as: 
FOB (cost) = Direct material cost + Direct labour cost + Transportation cost + Mark up  
Similarly, direct material and labour cost can be defined as:  
Direct material cost = FOB * y%  
Direct labour cost = FOB * z% (per labour minute) 
 Where, y and z are the percent values for per unit garment. 
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Here, direct labour cost depends on labour minute used for the product. So, changing labour 
minutes will eventually change the direct labour cost or simply the price of the garment. The 
cost of goods sold can be calculated using direct material and labour costs, calculated as: 
Cost of goods sold = Direct material cost + Direct labour cost 
By adding overhead cost to cost of goods sold, manufacturing cost can be determined. So 
manufacturing cost can be expressed as: 
Manufacturing cost = cost of goods sold + Overhead cost  
Profit for any sold product can be measured by subtracting manufacturing cost or FOB from 
selling price and can be expressed as: 
Profit = Selling price - FOB (cost) 
Total supply chain or product cycle time is crucial in supply chain performance evaluation. 
Customer satisfaction and the company’s reputation vastly depend on supply chain cycle 
time, which starts with raw material purchase and finishes with delivering products to 
customers. The following equation is used to calculate the total product cycle time: 
Total cycle time = Material purchase time + Manufacturing lead time +Delivery lead time 
Other significant quantitative measures are production efficiency and effectiveness of the 
master production schedule. Efficiency compares actual output value generated from a 
particular machine to total resources used by the same machine in a given period of time or 
simply compares output versus input value in terms of time frequency. Here, the input 
parameters are: number of workers and total working time and the output parameters are total 
output and time of completion. So, efficiency can be measured by: 
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 Efficiency (%) = (Total number of output * Standard production time per piece)/ (Total 
workers * Total working time) 
On the other hand, effectiveness compares actual output to targeted output from a production 
line. Initially, a production target needs to be calculated by comparing the total allocated 
production time in a production line to actual production time to complete one unit of 
product. Here, the number of workers and their total allocated times are multiplied to measure 
total allocated production times. Effectiveness can be calculated by: 
Effectiveness of master production schedule = Actual output/ Production target 
Other values of quantitative metrics: purchase order cycle time, delivery lead time, quality of 
delivered goods and supplier defect free delivery, were recorded and obtained directly from 
relevant departments. Several notations are used to define above terms of performance 
metrics. For example, 
𝑐𝑐𝑚𝑚 = Direct material cost/piece 
𝑐𝑐𝑙𝑙 = Direct labour cost/ piece 
𝑐𝑐𝑡𝑡 = Transportation cost/ piece 
𝑐𝑐𝑚𝑚𝑚𝑚 = Mark up cost/ piece 
𝑝𝑝𝑠𝑠  = Selling price/ piece (fixed) 
Let assume, 𝑖𝑖 = 1,2, …𝑚𝑚 are different supply chain situations (before and after lean 
implementation); 𝑗𝑗 = 1,2, …𝑛𝑛 are different appropriate metric categories and 𝑘𝑘 = 1,2, … 𝑡𝑡 are 
different appropriate metrics which means, 𝐼𝐼 = �𝑖𝑖1,𝑖𝑖2, … . , 𝑖𝑖𝑚𝑚�; 𝐽𝐽 = �𝑗𝑗1,𝑗𝑗2, … . , 𝑗𝑗𝑛𝑛�; K =
�𝑘𝑘1,𝑘𝑘2, … . , 𝑘𝑘𝑡𝑡�. Now assume, 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡1,𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡2,, … . , 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑑𝑑 , are different values of d number 
of units (per week) for metric 𝑘𝑘𝑡𝑡  under situation 𝑖𝑖𝑚𝑚  and category 𝑗𝑗𝑛𝑛 . 
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In case of cost metrics, 𝑐𝑐𝑖𝑖𝑚𝑚 𝑘𝑘𝑡𝑡1 , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑘𝑘𝑡𝑡2 ,, , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑘𝑘𝑡𝑡𝑑𝑑   are assumed as different metric values for 
cost metric 𝑘𝑘𝑡𝑡  under situation 𝑖𝑖𝑚𝑚 . 
So, direct labour cost can be measured by equation (4.1), 
𝑐𝑐𝑖𝑖𝑚𝑚 𝑘𝑘𝑡𝑡𝑑𝑑 = $𝑧𝑧/𝑙𝑙𝑎𝑎𝑙𝑙𝑜𝑜𝑚𝑚𝑙𝑙 𝑚𝑚𝑖𝑖𝑛𝑛𝑚𝑚𝑡𝑡𝑚𝑚           (4.1) 
So, direct labour cost for a non- lean situation for the 1st week is measured as: 
𝑐𝑐1𝑙𝑙1 = $0.07 ∗ 102 minutes = $7.14 
Where, 
$𝑧𝑧 = $0.07 = unit cost per labour minute (company data) 
 And labour minute = 102 minutes (company data) 
Then, price/ piece can be determined by equation (4.2), 
𝑥𝑥𝑖𝑖𝑚𝑚18 = 𝑐𝑐𝑖𝑖𝑚𝑚𝑚𝑚1 + 𝑐𝑐𝑖𝑖𝑚𝑚 𝑙𝑙1 + 𝑐𝑐𝑖𝑖𝑚𝑚 𝑡𝑡1 + 𝑐𝑐𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 1        (4.2) 
Where, 
𝑐𝑐𝑖𝑖𝑚𝑚𝑚𝑚1 = Direct material cost (company data) 
𝑐𝑐𝑖𝑖𝑚𝑚 𝑙𝑙1 = Direct labour cost (using equation 4.1) 
𝑐𝑐𝑖𝑖𝑚𝑚 𝑡𝑡1 = Transportation cost (company data) 
𝑐𝑐𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 1 = Mark up cost (Company regulation) 
For example, price/ piece before lean implementation in the 1st week is calculated using 
equation (4.2): 
𝑥𝑥118 = 7.98 + 11.47 + 0.94 + 3.11 = $23.5 
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Price/ piece is shown in Table 4.3. Similarly, all the values of 𝑥𝑥𝑖𝑖𝑚𝑚18 are calculated. Then, the 
cost of goods sold can be calculated by equation (4.3): 
𝑥𝑥𝑖𝑖𝑚𝑚14 = 𝑐𝑐𝑖𝑖𝑚𝑚𝑚𝑚1 + 𝑐𝑐𝑖𝑖𝑚𝑚 𝑙𝑙1         (4.3) 
For example, the cost of goods sold before lean implementation for the 1st week is calculated 
using equation (4.3): 
𝑥𝑥114 = 7.98 + 11.47 = 19.552 
Similarly, all the values of 𝑥𝑥𝑖𝑖𝑚𝑚14 are calculated and shown in Table 4.3. Then, the over head 
cost can be measured by following equation: 
𝑥𝑥𝑖𝑖𝑚𝑚16 = $𝑝𝑝/𝑙𝑙𝑎𝑎𝑙𝑙𝑜𝑜𝑚𝑚𝑙𝑙 𝑚𝑚𝑖𝑖𝑛𝑛𝑚𝑚𝑡𝑡𝑚𝑚         (4.4) 
For example, the over- head cost for a non- lean situation for the 1st week is calculated using 
equation (4.4): 
𝑥𝑥116 = $0.002 ∗ 102 minutes = $0.204 
Where, 
$𝑝𝑝 = $0.002 = unit cost per labour minute 
Similarly, all the over- head costs 𝑥𝑥𝑖𝑖𝑚𝑚16  are calculated. Now, the manufacturing cost/ piece 
of garment can be determined by equation (4.5), 
𝑥𝑥𝑖𝑖𝑚𝑚15 = 𝑥𝑥𝑖𝑖𝑚𝑚14 + 𝑥𝑥𝑖𝑖𝑚𝑚 16          (4.5) 
For example, the manufacturing cost for the non- lean situation for the 1st week is calculated 
using equation (4.5): 
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𝑥𝑥115 = $19.552 + $0.204 = $19.756 
Then, using equation (4.6), we calculate the profit/piece for supply chain situation: 
𝑥𝑥𝑖𝑖𝑚𝑚11 = 𝑝𝑝𝑠𝑠 − 𝑥𝑥𝑖𝑖𝑚𝑚18           (4.6) 
For example, the profit/ piece for the non- lean situation for the 1st week is measured as: 
𝑥𝑥111 = $41.99 − $23.5 = $18.49 
Similarly, all the profit values are calculated and shown in Table 4.3. Now, the total 
transportation and logistics cost 𝑥𝑥𝑖𝑖𝑚𝑚16 can be calculated as: 
𝑥𝑥𝑖𝑖𝑚𝑚17 = 𝑐𝑐𝑡𝑡 ∗ 21900 = �𝑥𝑥𝑖𝑖𝑚𝑚 18 ∗ 𝑙𝑙%� ∗ 21,900      (4.7) 
Where,  
𝑥𝑥𝑖𝑖𝑚𝑚18 = price/ piece (BOM) 
𝑙𝑙% = per unit transportation and logistics percentage 
For example, the total logistic cost/ 21900 pieces for the non- lean situation for the 1st week is 
measured by equation 4.7: 
𝑥𝑥117 = 𝑐𝑐𝑡𝑡 ∗ 21900 = ($23.5 ∗ 4%) ∗ 21,900 = $20586 
Then, we calculate product cycle time for a shipment size (21900 pieces) as: 
𝑥𝑥𝑖𝑖𝑚𝑚21 = 𝑥𝑥𝑖𝑖𝑚𝑚22 + 𝑝𝑝 ∗ 𝑥𝑥𝑖𝑖𝑚𝑚 23 + 𝑥𝑥𝑖𝑖𝑚𝑚 24         (4.8) 
Where,  
𝑥𝑥𝑖𝑖𝑚𝑚22= Purchase order cycle time/ 21900 pieces 
𝑝𝑝 = Shipment size (21900 pieces) 
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𝑥𝑥𝑖𝑖𝑚𝑚23= Production time/ piece 
𝑥𝑥𝑖𝑖𝑚𝑚24= Purchase order cycle time/ pieces 
For example, the product cycle time for the non- lean situation for the 1st week is measured 
as: 
𝑥𝑥121 = 75 + 21, 900 ∗ 102 + 97.66 = 225.66 𝑑𝑑𝑎𝑎𝑑𝑑𝑠𝑠 
Now, the production efficiency needs to be calculated.  
𝑥𝑥𝑖𝑖𝑚𝑚12 = 𝑇𝑇𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙  𝑜𝑜𝑚𝑚𝑡𝑡𝑝𝑝𝑚𝑚𝑡𝑡 ∗𝑥𝑥𝑖𝑖𝑚𝑚 23𝑁𝑁𝑜𝑜 .𝑜𝑜𝑜𝑜  𝑤𝑤𝑜𝑜𝑙𝑙𝑘𝑘𝑚𝑚𝑙𝑙𝑠𝑠 ∗𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙  𝑤𝑤𝑜𝑜𝑙𝑙𝑘𝑘𝑖𝑖𝑛𝑛𝑤𝑤  𝑖𝑖𝑚𝑚𝑚𝑚 ∗ 100%      (4.9) 
For example, the production efficiency for the non- lean situation for the 1st week is: 
𝑥𝑥112 = 135 𝑝𝑝𝑖𝑖𝑚𝑚𝑐𝑐𝑚𝑚𝑠𝑠 ∗ 102 𝑚𝑚𝑖𝑖𝑛𝑛𝑚𝑚𝑡𝑡𝑚𝑚𝑠𝑠52 ∗ 591.84 𝑚𝑚𝑖𝑖𝑛𝑛𝑚𝑚𝑡𝑡𝑚𝑚𝑠𝑠 ∗ 100% = 41% 
Where, 
𝑇𝑇𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙 𝑜𝑜𝑚𝑚𝑡𝑡𝑝𝑝𝑚𝑚𝑡𝑡 = 135 pieces/ day (Industry data) 
𝑥𝑥𝑖𝑖𝑚𝑚23= 102 minutes (Production time/ piece) 
𝑁𝑁𝑜𝑜. 𝑜𝑜𝑜𝑜 𝑤𝑤𝑜𝑜𝑙𝑙𝑘𝑘𝑚𝑚𝑙𝑙𝑠𝑠 = 52 persons (Industry data) 
𝑇𝑇𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙 𝑤𝑤𝑜𝑜𝑙𝑙𝑘𝑘𝑖𝑖𝑛𝑛𝑤𝑤 𝑖𝑖𝑚𝑚𝑚𝑚 = 591.84 minutes (Industry data) 
Similarly, all the other production efficiencies are calculated and shown in Table 4.3. Then, 
to calculate the effectiveness of master production schedule, the author used the following 
equations (4.10) and (4.11): 
𝑃𝑃𝑙𝑙𝑜𝑜𝑑𝑑𝑚𝑚𝑐𝑐𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛 𝑇𝑇𝑎𝑎𝑙𝑙𝑤𝑤𝑚𝑚𝑡𝑡 = 𝑁𝑁𝑜𝑜 .𝑜𝑜𝑜𝑜  𝑤𝑤𝑜𝑜𝑙𝑙𝑘𝑘𝑚𝑚𝑙𝑙𝑠𝑠 ∗𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙  𝑤𝑤𝑜𝑜𝑙𝑙𝑘𝑘𝑖𝑖𝑛𝑛𝑤𝑤  𝑖𝑖𝑚𝑚𝑚𝑚
𝑃𝑃𝑙𝑙𝑜𝑜𝑑𝑑𝑚𝑚𝑐𝑐𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛  𝑡𝑡𝑖𝑖𝑚𝑚𝑚𝑚        (4.10) 
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Effectiveness of master production schedule = 𝐴𝐴𝑐𝑐𝑡𝑡𝑚𝑚𝑎𝑎𝑙𝑙  𝑝𝑝𝑙𝑙𝑜𝑜𝑑𝑑𝑚𝑚 𝑐𝑐𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛  
𝑃𝑃𝑙𝑙𝑜𝑜𝑑𝑑𝑚𝑚𝑐𝑐𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛  𝑡𝑡𝑎𝑎𝑙𝑙𝑤𝑤𝑚𝑚𝑡𝑡    (4.11) 
For example, the effectiveness of master production schedule for the non- lean situation for 
the 1st week can be calculated as: 
 𝑃𝑃𝑙𝑙𝑜𝑜𝑑𝑑𝑚𝑚𝑐𝑐𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛 𝑇𝑇𝑎𝑎𝑙𝑙𝑤𝑤𝑚𝑚𝑡𝑡 = 52∗591.84 𝑚𝑚𝑖𝑖𝑛𝑛𝑚𝑚𝑡𝑡𝑚𝑚𝑠𝑠102 = 301 𝑝𝑝𝑖𝑖𝑚𝑚𝑐𝑐𝑚𝑚𝑠𝑠  
Effectiveness of master production schedule = 135301 = 44.79% 
Different values were collected and calculated for performance metrics in two supply 
chain situations- before and after lean implementation. This is reflected in the proposed 
model as i=1 and i=2, respectively. Initially, no lean tools and improvement techniques were 
applied but interestingly there were improvements in quantitative metric values. But, at the 
beginning of April 2011 (see columns 6-8 in Table 4.3); the metric values remained the same 
without any significant improvements. After that, the whole supply chain was examined and 
different lean tools were applied to improve the values of performance metrics as well as the 
performance of the supply chain. Values regarding purchase order cycle time, delivery lead 
time, quality of delivered goods and supplier defect free delivery were used as the recorded 
values; while other quantitative values were measured and determined using the above 
equations. Weekly values for different quantitative metrics before lean implementation are 
mentioned in Table 4.3. 
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Table 4.3 
Quantitative metrics values before lean implementation for Motion Pant 
Performance 
Metrics 
Quantitative Metric Values 
Before Lean implementation (i=1) 
March-2011 April-2011 
Week-01 Week-02 Week-03 Week-04 Week-01 Week-02 Week-03 
𝑥𝑥𝑖𝑖11  18.49 18.491 18.509 18.553 18.651 18.647 18.65 
𝑥𝑥𝑖𝑖12  41 48 58 57 62 65 63 
𝑥𝑥𝑖𝑖13  44.79 65.49 62.75 61.76 65.39 69.07 66.95 
𝑥𝑥𝑖𝑖14  19.552 19.55 19.536 19.5 19.418 19.422 19.419 
𝑥𝑥𝑖𝑖15  19.756 19.7539 19.7394 19.7022 19.617 19.622 19.618 
𝑥𝑥𝑖𝑖16  0.204 0.2039 0.2034 0.2022 0.1994 0.1995 0.1994 
𝑥𝑥𝑖𝑖17  20586 20584 20569 20530 20444 20448 20446 
𝑥𝑥𝑖𝑖18  23.5 23.497 23.481 23.437 23.339 23.343 23.34 
𝑥𝑥𝑖𝑖21  225.66 223.32 220.28 220.44 219.54 219.61 218.96 
𝑥𝑥𝑖𝑖22  75 74.6 74.3 73.8 74.1 74.7 73.2 
𝑥𝑥𝑖𝑖23  102 101.98 101.73 101.1 99.7 99.76 99.72 
𝑥𝑥𝑖𝑖24  97.66 96.5 95.62 95.8 94.2 94.31 94.23 
𝑥𝑥𝑖𝑖33  89 92 91 95 93 91 92 
𝑥𝑥𝑖𝑖41  95 98 92 93 99 91 92 
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4.4.3 Descriptions and Calculations for Qualitative Metrics 
 
Qualitative metrics do not possess quantitative values and cannot be measured by numerical 
numbers. In that case, linguistic terms are used to evaluate performance of qualitative 
metrics. So fuzzy linguistic terms and corresponding triangular fuzzy numbers are used to 
define and measure qualitative metrics (shown in Table 4.4).  
Table 4.4 
Linguistic terms and corresponding triangular numbers for qualitative   
metrics  
Linguistic Terms Triangular Fuzzy number 
 
Very Low (VL) (1, 1, 3) 
Low (L) (1, 3, 5) 
Medium (M) (3, 5, 7) 
High (H) (5, 7, 9) 
Very High (VH) (7, 9, 9) 
 
 Initially, the linguistic terms for qualitative metrics were collected from different 
departments, and were previously shown in Table 4.2. Linguistic terms regarding mutual 
assistance between manufacturer-customer in problem solving, customer satisfaction, buyer- 
supplier relationship level, accuracy of forecasting techniques and ability to respond to 
demand were collected from Industrial Engineering, Merchandising, Sales, Planning and 
Control, and Finishing and Quality, respectively. Before lean implementation, mutual 
assistance in problem solving was very low compared to medium mutual assistance after 
implementing lean tools. Using Table 4.4, very low (VL) and Medium (M) were converted 
into (1, 1, 3) and (3, 5, 7) triangular fuzzy numbers, as shown in Table 4.5. Similarly, other 
linguistic terms and corresponding triangular fuzzy numbers are also shown in Table 4.5.       
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Table 4.5 
Qualitative metrics values before lean implementation for Motion Pant 
Performance 
Metrics 
Qualitative Metric Values 
Before Lean Implementation (i=1) 
March-April, 2011 
𝑥𝑥𝑖𝑖19 (1, 1, 3) 
𝑥𝑥𝑖𝑖31 (3, 5, 7) 
𝑥𝑥𝑖𝑖32 (1, 1, 3) 
𝑥𝑥𝑖𝑖34 (3, 5, 7) 
𝑥𝑥𝑖𝑖42 (3, 5, 7) 
 
Appropriate metrics developed were based on a SCOR model with five supply chain 
processes: plan, source, make, deliver and return. The possible lean tools and techniques for 
Motion Pant supply chain performance improvement were applied in different manufacturing 
departments. The details of lean tools and techniques are discussed below. 
4.4.4 Lean Tools and Techniques 
 
Lean thinking starts with customer demands and finishes with delivering value to customers 
removing possible wastes and non-value added activities. For this reason, researchers and 
lean practitioners use different lean tools in different production situations. Effective 
implementation of lean tools are necessary to improve the overall supply chain performance. 
Thus the implementation of lean tools depends on different competitive strategies from 
different business perspectives. Lockamy and McCormack (2004) mentioned specific 
implementations of SCM practices based upon their unique set of competitive priorities and 
business conditions, to achieve the desired level of performance. For Motion Pant supply 
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chain, relevant and significant lean tools were implemented to improve the performance for 
individual processes as well as overall supply chain. 
 Table 4.6 
  Different lean tools and techniques for Motion Pant supply chain 
SCOR processes Department Lean tools & techniques Description  Improvement 
Plan 
Buyer and 
Manufacturer 
Enterprise resource planning 
(ERP) 
Annual sales target, planning, 
requirements 
Profit, total supply chain time, forecasting 
accuracy 
Planning Value stream mapping (VSM) 
Value added and non- value added 
activities 
Lead time reduction and forecasting 
accuracy 
Source No improvement tools 
Make 
Production Effective layout 
Cutting, embroidery and finishing set 
close to sewing section 
Standard production time, total cycle 
time, production efficiency 
Cutting 
KANBAN board 
Details of input requirements, output 
issued, quality 
Effectiveness of master production 
schedule 
Inventory control 
Water spider mark in cutting racks for 
minimum and maximum levels of 
inventory 
Production efficiency and number of 
output 
Sewing 
Pull system 
Sewing operator issue a bundle of input 
from cutting by KANBAN card 
Production time, number of output, 
efficiency 
Standardize work 
SOP and Mock are hanged at each 
machine 
Production time 
Production 
Andon control switch 
Two colour lights in each line. Yellow 
means quality issue and red means 
machine problems 
Quality improvements, less defect free 
delivery 
Self inspection program 
Position marked in each machine for 
stitch per inch (SPI) and standard 
sewing allowance 
Product quality, production time and 
efficiency 
5S and Visual management 
One piece flow, audit graph, critical 
area identification, hourly input box 
Production time and quality 
Delivery Quality & Logistic Standard metric board 
Quality requirements, safety issues, zero 
needles check, quality points and 
delivery cost 
Defect free delivery, delivery lead time 
Return 
Buyer and 
Manufacturer 
Lean training 
Desired production price (FOB), fabric 
quality, nominated suppliers, delivery 
dates 
Quality of goods, buyer- manufacturer 
relationship level 
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From the planning perspective, ERP was used by Sigma, by maintaining a specialised 
software for overall supply chain planning, monitoring sales targets and requirements. In 
terms of SCOR processes, the plan phase was particularly improved by profit maximisation, 
total cycle time reductions, and accurate forecasting (outlined in Table 4.6). Effective and fast 
supply chain planning through ERP achieved accurate forecasting of product orders and in 
time delivery. These improvements are also shown in Table 4.7 and Table 4.8. Before lean 
implementation, profit per unit was $18.49, which moved upward to $19.04 after lean 
implementation. Similarly, total supply chain cycle time was improved from 225.66 days to 
190.42 days.  
VSM was used to identify value added and non-value added time in the entire supply 
chain. Using VSM, a company can identify waste and minimize this using different lean tools 
and techniques. In this case, total lead time was reduced and accuracy of forecasting was 
enhanced by the VSM tool. For the Motion Pant supply chain no lean tools or techniques 
were applied to the upstream supply chain as most of the suppliers were nominated by the 
major buyer and they maintain a standard quality in their supplies and deliveries. 
Most of the lean tools were applied in the manufacturing process. A pull system and 
standardized work were especially focussed on in the sewing section. Engineers implemented 
a KANBAN card system for every job, to issue specific work and details of every process, 
which implies a pull system, as sewing operators were issued a bundle of input from the 
cutting section and were shown a KANBAN card. In addition to that, a standard operating 
procedure (SOP) and mock were hung in front of each machine in the sewing section. These 
tools improved the production time, efficiency and number of output product items. Work in 
the cutting section was improved by the KANBAN board as details regarding input and 
output and quality issues were mentioned on the board, which also helped to improve 
effectiveness of the master production schedule as well as efficiency and production output.  
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Overall, the production system was also significantly improved by an effective layout, 
an Andon control switch, a self inspection program and 5S. To make the layout of the area 
more effective, cutting, embroidery and finishing were set close to the sewing section, 
reducing distances among departments as well as product lead time. The Andon control 
switch is a two colour quality control system. Operators themselves display a yellow light at 
their workstation when any quality issue arises in garment, whereas a red light is for machine 
related problems. Supervisors and engineers need to be watchful of any light for immediate 
maintenance and solution in order to maintain a smooth production process.  
Positions for stitch per inch (SPI) and standard sewing allowances were marked in 
every machine. Operators were able to check this without another’s help, thus this initiative 
was named a self inspection program. With this approach, quality defects could be reduced 
and production time and efficiency were also improved.  
5S and visual management are two more significant tools to improve performance. A 
one piece flow, an audit graph, critical area identification for each process and an hourly 
input box were the main tools introduced under the 5S program. A standard metric board was 
used for quality and logistic performance improvement, on which quality requirements for 
each product, safety issues, zero needle checking and confirmation as well as quality points 
and delivery mode were clearly mentioned. With graphic and pictorial explanations, every 
aspect of quality and delivery issues was displayed for the operators. Delivery lead time was 
improved by the board and the company was also able to deliver more defect free products to 
customers. All of these improvements regarding quantitative and qualitative metrics after lean 
implementation are recorded and shown in Table 4.7 and Table 4.8. With graphic and 
pictorial explanations, every aspect of quality and delivery issues was displayed for the 
operators. Delivery lead time was improved by the board and the company was also able to 
deliver more defect free products to customers. All of these improvements regarding 
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quantitative and qualitative metrics after lean implementation are recorded and shown in 
Table 4.7 and Table 4.8. 
 
Table 4.7 
Quantitative metrics values in two supply chain situations: before and after lean 
implementation for Motion Pant 
Performance 
Metrics 
Quantitative Metric Values 
Before Lean implementation (i=1) After Lean implementation (i=2) 
March-2011 April-2011 October-2011 November-2011 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
𝑥𝑥𝑖𝑖11  18.49 18.491 18.509 18.553 18.651 18.647 18.65 18.784 18.889 18.91 18.952 18.98 19.008 19.04 
𝑥𝑥𝑖𝑖12  41 48 58 57 62 65 63 70 66 75 83 88 66 84 
𝑥𝑥𝑖𝑖13  44.79 65.49 62.75 61.76 65.39 69.07 66.95 72.81 67.57 77.03 72.94 76.98 76.61 72.11 
𝑥𝑥𝑖𝑖14  19.552 19.55 19.536 19.5 19.418 19.422 19.419 19.307 19.22 19.203 19.163 19.219 19.121 19.094 
𝑥𝑥𝑖𝑖15  19.756 19.7539 19.7394 19.7022 19.617 19.622 19.618 19.503 19.46 19.443 19.401 19.409 19.31 19.282 
𝑥𝑥𝑖𝑖16  0.204 0.2039 0.2034 0.2022 0.1994 0.1995 0.1994 0.1956 0.2407 0.24 0.2385 0.19 0.1892 0.188 
𝑥𝑥𝑖𝑖17  20586 20584 20569 20530 20444 20448 20446 20328 20236 20218 20181 20156 20132 20104 
𝑥𝑥𝑖𝑖18  23.5 23.497 23.481 23.437 23.339 23.343 23.34 23.206 23.101 23.08 23.038 23.01 22.982 22.95 
𝑥𝑥𝑖𝑖21  225.66 223.32 220.28 220.44 219.54 219.61 218.96 199.93 204.35 192.4 198.98 198.4 191.19 190.42 
𝑥𝑥𝑖𝑖22  75 74.6 74.3 73.8 74.1 74.7 73.2 74.3 73.7 74.5 75.2 74.8 73.2 73.1 
𝑥𝑥𝑖𝑖23  102 101.98 101.73 101.1 99.7 99.76 99.72 97.8 96.3 96 95.4 95 94.6 94 
𝑥𝑥𝑖𝑖24  97.66 96.5 95.62 95.8 94.2 94.31 94.23 86.3 87.43 83.2 84.11 83.3 79.29 81.72 
𝑥𝑥𝑖𝑖33  89 92 91 95 93 91 92 94 88 93 96 92 93 92 
𝑥𝑥𝑖𝑖41  95 98 92 93 99 91 92 94 91 95 97 91 93 94 
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Table 4.8 
Qualitative metrics values in two supply chain situations: before and after lean      
implementation for Motion Pant 
Performance 
Metrics 
Qualitative Metric Values 
Before Lean Implementation (i=1) After Lean Implementation (i=2) 
March-April, 2011 October-November, 2011 
𝑥𝑥𝑖𝑖19 (1, 1, 3) (3, 5, 7) 
𝑥𝑥𝑖𝑖31 (3, 5, 7) (5, 7, 9) 
𝑥𝑥𝑖𝑖32 (1, 1, 3) (3, 5. 7) 
𝑥𝑥𝑖𝑖34 (3, 5, 7) (5, 7, 9) 
𝑥𝑥𝑖𝑖42 (3, 5, 7) (3, 5, 7) 
 
From the above discussions, it is clear that lean tools had significant improvements on 
performance metrics especially on reductions in most of the cost metrics and lead times by 
improving production time (𝑥𝑥223 ), production efficiency (𝑥𝑥212 ), the number of defect free 
products and developing the relationship with customers etc.   
However, lean tools had adverse effects on cost metrics as well. Applying lean tools 
(purchasing ERP software, training operators, introducing new technology and recruiting an 
industrial engineer) also increased over head costs (𝑥𝑥216 ) and involved staff in mutual 
assistance for problem solving (𝑥𝑥219 ).  
As it is important to include all the measures in performance metrics which have both 
positive and adverse affects related lean tools and techniques, this was also taken into 
account. Using performance measures in the cost, time, quality and flexibility categories, all 
the values were recorded to evaluate the actual effects of lean tools on supply chain 
performance. The overall SCOR model containing the SCOR processes for the Motion Pant 
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supply chain and the metrics regarding different levels of implementation and strategic focus 
of lean or efficient supply chain are discussed in the next section. 
 
4.4.5 SCOR Implementation Framework (Motion Pant) 
 
Supply chain performance measurement is crucial for all businesses to sustain in a global and 
competitive environment. Moreover, resource optimization, environmental issues and modern 
supply chain improvement practices force businesses using a supply chain to evaluate SCM 
performance. The SCOR model is one of the effective ways to evaluate supply chain 
performance, providing an extensive benchmark database and guidelines on how to measure 
the supply chain operations. Since the SCOR model provides a common supply chain 
framework, common metrics with associated benchmarks and best practices within the chain, 
for strategic supply chain modelling; the SCOR metrics and framework are required to 
understand the dynamics of supply chain, to make critical evaluations of supply chain 
alternatives and to determine supply chain competitiveness.  
In Table 4.9, different performance metrics are grouped according to five SCOR 
processes and four levels of implementation. The objective is to classify all the performance 
metrics within the SCOR framework and to measure supply chain performance under an 
efficient, which is to say a lean, strategic focus. In the SCOR framework, Level 2 (the 
configuration level) is crucial to select strategic competitiveness. Ambe (2010); Lo and 
Power (2010) identified some essential product and production characteristics for lean supply 
chain: predictable demands, highly efficient production, less inventory, shorter lead time and 
maximum performance. 
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Table 4.9 
SCOR model and implementation levels for Motion Pant supply chain 
 SCOR Processes for Motion Pant supply chain 
Strategic 
Focus 
Level 1 
(Process Level) 
Plan  Source Make  Deliver Return 
Efficient/ 
Lean  
Level 2 
(Configuration Level) 
Build to stock, Assemble to order (Stavrulaki and Davis 2010) 
Finished goods 
(10,00,000 
pieces order) 
High 
volume 
of 
purchasin
g 
High volume, continuous 
process (yearlong order) 
Large batch 
shipments 
(21,900 
pieces/batch) 
Efficiency 
driven (avg. 
76%/day/line ) 
Level 3 
(Process Element 
Level) 
𝑥𝑥𝑖𝑖11; 𝑥𝑥𝑖𝑖12; 
𝑥𝑥𝑖𝑖14; 𝑥𝑥𝑖𝑖21; 
𝑥𝑥𝑖𝑖34  
𝑥𝑥𝑖𝑖19; 
𝑥𝑥𝑖𝑖22; 
𝑥𝑥𝑖𝑖41; 
𝑥𝑥𝑖𝑖13; 𝑥𝑥𝑖𝑖15; 𝑥𝑥𝑖𝑖16; 𝑥𝑥𝑖𝑖23  𝑥𝑥𝑖𝑖17; 𝑥𝑥𝑖𝑖24; 
𝑥𝑥𝑖𝑖42  
𝑥𝑥𝑖𝑖18; 𝑥𝑥𝑖𝑖31; 
𝑥𝑥𝑖𝑖32; 𝑥𝑥𝑖𝑖33  
Level 4 
(Implementation 
Level) 
ERP, VSM N/A 
Effective layout, 
KANBAN Board, 
Inventory control, Pull 
system, Standardized work, 
Andon control switch, Self 
Inspection program, 5S and 
Visual system  
Standard 
Metric 
Board 
Lean training 
 
Stavrulaki and Davis (2010) stated that build to stock and assemble to order are the 
two options for a lean supply chain configuration selection, proposing some product 
characteristics for SCOR processes. These are: finished goods, high volume purchasing, 
continuous production, large batch shipments and efficiently driven production for the 
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processes of plan, source, make, deliver and return, respectively.  Taking this into account, 
Motion Pant has these characteristics: a large order (10, 00,000 pieces), high volume of 
purchasing, yearlong order and continuous process, large number of shipments (21,900 
pieces) for each batch and largely efficiently driven production (76%) which are also listed in 
Table 4.9. The above sections discussed SCOR framework identification, appropriate metrics 
selection and data collection, calculation for quantitative and qualitative measures and 
different lean tools and techniques for the Motion Pant supply chain.  
The next two sections will also discuss the same measures for two other supply 
chains. This is followed by Chapter 5, which will explain the details of lean supply chain 
performance evaluation using fuzzy logic and the fuzzy TOPSIS method with a discussion of 
the necessary methods, approaches and theories.      
4.5 Case 2 (Low Volume, High Price Product) 
 
4.5.1 Broad Peak Inner Jacket Supply Chain 
 
Broad Peak Inner Jacket has longer production time to produce one garment and the price is 
much higher compared to the Motion Pant. In contrast to the latter, this product has a very 
small order but with high complexity and flexibility. The customer orders only 1,000 pieces 
of this high quality product. Due to the very small order and lead time of only 53 days, Sigma 
is able to apply only a few lean tools and techniques which can be implemented within the 
shortest possible time. Jack Wolskin is the main buyer for this product and approximately 
seven different local and foreign suppliers are involved in the supply chain along with YKK, 
Avery Denison, Toray and Colotex who supplies fabrics, lining, tapes, accessories, labels and 
hang tag materials. The details of supplies are mentioned in BOM.  
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Jack Wolskin is a leading European company for apparel, footwear and different 
equipment products such as bags, tents and notebooks. Their products have special 
functionality and are mostly applicable for extreme weather conditions and include items 
such as protective equipment and clothing for example jackets and vests. Jack Wolfskin 
apparel and equipment are based on state-of-the-art technology and decades of application 
experience. Other features include low-weight designs, a high level of comfort and a well-
thought-out range of equipment. Their products are specially designed for challenging hiking, 
trekking and alpine tours.  
The Broad Peak Inner Jacket is a soft shell, low weight insulation jacket with effective 
weather protection. Sometimes it is called 3-in-1 jacket which means it has three distinct use 
environments: ice climbing, ski touring or general mountaineering. The jacket is complex and 
sophisticated in nature in terms of manufacturing. According to its technical sheet, the 
schematics of the jacket are given below: 
 
 
Figure 4.5: Broad Peak Inner Jacket technical sketch with parts specifications 
It mainly consists of the following parts: front, back, long sleeves, and ultra light hoods. 
Moreover, it has a short inzip system, hip and alpine pockets, zippers and linings. The total 
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list of fabrics, accessories, trims, labels and packing material is presented in Table 4.10. 
Fabrics for front and back parts as well as contrasts, lining and tapes are supplied from 
various local and global suppliers. Mitsubishi, Toray (China) and Colotex are the main fabric 
suppliers for the jacket. YKK is the main supplier for zippers, hooks, elastic strings, ribbons 
and buttons. Texcon and Avery Denison supply zipper pullers, tapes and other accessories. 
Moreover, all the labels, hangtags and barcodes are supplied by Avery Denison. Most of the 
suppliers are well renowned for garment accessories and provide best quality supplies and 
accessories to maintain quality inputs to Sigma. Local suppliers provide some accessories, 
lining fabric, ribbon, elastic string, eyelets, velcro loops and barcodes. All of these suppliers 
are well recognized by the buyer and supply quality materials with least possible lead time. 
 
Table 4.10:  
Bill of Material with product descriptions, accessories list and  suppliers for 
Broad Peak Inner Jacket 
Material Item Description and placements Supplier 
Fabric 
Contrast 
Main, backing of hip pockets Mitsubishi 
Front and back yoke, upper sleeve 
part, lower body 
Toray 
Alpine pocket Local 
Lining 
Chain protection Colotex 
Hood tunnel Local 
Tape All outer seams Toray 
Accessories Zipper 
Central and inside front, hip pockets, 
alpine pocket, pit zip 
YKK 
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Zipper Puller 
Central front, hip pockets, alpine 
pocket, pit zip 
Texcon 
Zipper Puller System zip Avery Denison 
Ribbon Tanka fixation Local 
Elastic string Hood, hem Local 
Tanka Hood, hem 
Texcon 
Prefabricated flap Sleeve ham 
Eylet 
All eyelets Local 
Underlay 
Snap Zip in loops Nifco 
Velcro Hood 
Local 
Velcro loop Sleeve ham 
Label & 
Hangtags 
Brand Hangtag Through slider in central front 
Avery Denison 
Special Hangtag Tag cover 
Brand label Centre back patch 
Label Left sleeve 
Special label Left inside 
Care label Underneath brand label 
Local 
Size label Centre back under brand label 
Barcode Back of tag cover, poly bag 
Supplier code label Underneath care label 
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Initially, average production time to produce one jacket was anticipated to be 109 
minutes with $104.73 production price. The order amount was only 1,000 pieces and started 
to feed in a single production line from early August, 2011. Due to the small order a very 
limited number of lean tools and techniques were applied. The main objective was to find out 
any relationship between a low volume high price orders to lean implementation. As with the 
previous supply chain case, a total of nineteen performance metrics was selected (see Table 
4.11). Four metrics were selected each from time and quality indicators whereas two 
flexibility metrics were chosen. All the cost metrics were measured on a daily basis and the 
time measures for 100 pieces per lot.     
 
Table 4.11 
           Broad Peak Inner Jacket supply chain measured metrics and categories 
Performance 
Categories 
Metric 
Id (𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′  
 ) 
Performance 
Metrics (Units) 
Metric  
Type 
Data source/ 
departments 
Cost 
𝑥𝑥𝑖𝑖11  Profit/ piece ($) Quantitative/Benefit Finance and 
Commercial 
𝑥𝑥𝑖𝑖12  Production efficiency/ 
line/day (%) 
Quantitative/Benefit 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖13  
Effectiveness of master 
production schedule/ 
line/day (%) 
Quantitative/Benefit 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖14  Cost of goods sold/ piece 
($) 
Quantitative/ Cost 
Finance and 
Commercial 
𝑥𝑥𝑖𝑖15  Manufacturing cost/ piece 
($) 
Quantitative/ Cost 
Finance and 
Commercial 
𝑥𝑥𝑖𝑖16  Overhead cost/ Piece ($) Quantitative/Cost Finance and 
Commercial 
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𝑥𝑥𝑖𝑖17  Total logistic cost/ 100 
pieces ($) 
Quantitative/Cost 
Logistics and Supply 
Chain 
𝑥𝑥𝑖𝑖18  Price/piece ($) Quantitative/Cost Merchandising 
𝑥𝑥𝑖𝑖19 Mutual assistance in 
problem solving ($) 
Qualitative /Cost 
Industrial 
Engineering 
Time 
𝑥𝑥𝑖𝑖21  Total cycle time/100 pieces 
(days) 
Quantitative/Cost 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖22  Purchase order cycle time 
(days) 
Quantitative/Cost Sales 
𝑥𝑥𝑖𝑖23  Production time/piece 
(Minutes) 
Quantitative/Cost 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖24  Delivery lead time/ 100 
pieces (days) 
Quantitative/Cost 
Logistics and Supply 
Chain 
Quality 
𝑥𝑥𝑖𝑖31  Customer satisfaction Qualitative/Benefit Merchandising 
𝑥𝑥𝑖𝑖32  Buyer- Suppliers 
relationship level 
Qualitative/Benefit Sales 
𝑥𝑥𝑖𝑖33  Quality of delivered Goods 
(%) 
Quantitative/Benefit Merchandising 
𝑥𝑥𝑖𝑖34  Accuracy of forecasting 
techniques 
Qualitative/Benefit Planning and Control 
Flexibility 
𝑥𝑥𝑖𝑖41  Suppliers defect free 
delivery (%) 
Quantitative/Benefit Sales 
𝑥𝑥𝑖𝑖42  Ability to response demand Qualitative/Benefit Finishing and 
Quality 
 
 
 Qualitative/ quantitative or cost/ benefit metrics are provided together with the 
sources of all data. Ability to respond to demand and customer satisfaction remained similar 
for before and after lean implementation, as they were assumed to be the same. All of these 
metric values cannot be recorded directly from the case supply chain. Some values needed to 
be determined and calculated using different equations and rules. The next two sections will 
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describe the details of the value calculations regarding quantitative and qualitative metrics of 
the performance measures for Broad Peak Inner Jacket lean supply chain. 
 
4.5.2 Descriptions and Calculations for Quantitative Metrics 
 
For a small order of the Broad Peak Inner Jacket, the company was actually able to 
apply four lean tools. An effective layout, standardized work, a pull system and a self 
inspection program were able to be applied to the make process. In a short period of time, 
values regarding nineteen metrics were recorded and analysed for the before and after lean 
implementation stages. Values regarding purchase order cycle time, delivery lead time, 
quality of delivered goods and supplier defect free delivery are used as the recorded values 
where other quantitative values such as cost measures, efficiency, effectiveness and total 
cycle time are measured and calculated using the equations (4.1) to (4.11) which were 
discussed previously. Daily values for different quantitative metrics for the month of August, 
2011 are given in Table 4.12. 
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Table 4.12 
Quantitative metrics values in two supply chain situations: before and after lean 
implementation for Broad Peak Inner Jacket 
Performance 
Metrics 
Quantitative Metric Values 
Before Lean Implementation (i=1) After Lean Implementation (i=2) 
August-2011 August-2011 
Day-
10 
Day-
11 
Day-
13 
Day-
14 
Day-
16 
Day-
17 
Day-
18 
Day-
22 
Day-
23 
Day-
24 
Day-
25 
Day-
27 
Day-
28 
Day-
29 
𝑥𝑥𝑖𝑖11  592.27 592.32 592.3 592.39 592.37 592.4 592.37 592.47 592.53 592.56 592.58 592.61 592.6 592.62 
𝑥𝑥𝑖𝑖12  11.89 25.57 29.72 27.82 29.4 14.6 38.9 53.12 27.54 56.23 63.61 30.22 22.59 42.3 
𝑥𝑥𝑖𝑖13  42.37 76.92 92.31 83.33 80.46 40.23 102.15 56.88 59.63 70.41 73.15 76 64.71 31.03 
𝑥𝑥𝑖𝑖14  94.68 94.63 94.65 94.57 94.59 94.56 94.59 94.5 94.44 94.4 94.39 94.37 94.38 94.36 
𝑥𝑥𝑖𝑖15  94.9 94.85 94.87 94.78 94.81 94.77 94.81 94.71 94.65 94.61 94.6 94.58 94.59 94.57 
𝑥𝑥𝑖𝑖16  0.218 0.2166 0.2174 0.2148 0.215 0.2142 0.2152 0.2122 0.2106 0.2096 0.209 0.2084 0.2086 0.208 
𝑥𝑥𝑖𝑖17  4.189 4.187 4.188 4.184 4.185 4.184 4.185 4.181 4.179 4.178 4.177 4.176 4.176 4.175 
𝑥𝑥𝑖𝑖18  104.73 104.68 104.7 104.61 104.63 104.6 104.63 104.53 104.47 104.44 104.42 104.39 104.4 104.38 
𝑥𝑥𝑖𝑖21  53.98 53.03 53.11 51.62 53.7 54.35 52.88 52.63 53.39 52.93 52.47 51.44 53.24 56.45 
𝑥𝑥𝑖𝑖22  45.3 45.25 45 44.6 45.8 46.3 45.2 45.2 46.1 45.7 45.1 44.2 45.2 45.8 
𝑥𝑥𝑖𝑖23  109 108.3 108.7 107.4 107.5 107.1 107.6 106.1 105.3 104.8 104.5 104.2 104.3 104 
𝑥𝑥𝑖𝑖24  7.2 7.11 7.53 6.4 7.32 6.89 7.24 7.11 6.67 6.93 7.11 6.7 7.31 7.11 
𝑥𝑥𝑖𝑖33  93 94 98 98 100 100 98 100 100 91 96 98 93 100 
𝑥𝑥𝑖𝑖41  100 100 83 94 100 90 96 90 92 100 96 90 100 100 
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4.5.3 Descriptions and Calculations for Qualitative Metrics 
 
Due to the small order, customer satisfaction, accuracy of forecasting techniques and the 
ability to respond to demand remained the same before and after lean implementation. The 
company was able to implement fewer lean tools than for the first case study and for this 
reason; these three qualitative metrics remained same in value calculations. Linguistic values 
for qualitative metrics were collected from the same relevant departments as mentioned 
earlier for the previous product. Mutual assistance in problem solving between manufacturer- 
buyer and buyer- supplier relationship level was recorded as low and very low, respectively, 
before lean implementations. After implementing the few lean tools mentioned above, these 
values have slightly improved to medium and low. Using Table 4.4, these linguistic terms 
were converted to triangular fuzzy numbers (3, 5, 7) and (1, 3, 5) respectively. All the values 
of the qualitative metrics are cited in Table 4.13. An effective layout, a pull system, 
standardized work and self inspection programs were implemented in the Broad Peak Inner 
Jacket production line since these tools can be put in place and are very effective in the 
shortest possible time. Improvements regarding production time, number of outputs and 
efficiency were observed after implementing the tools but, on the other hand, the tools had an 
adverse affect on mutual assistance in problem solving and lead time. Therefore, the 
objective in studying and analysing the supply chain performance of this product was to 
identify the overall effect of the lean tools implemented, and to make some generalisations 
their relationship with competitive strategy and supply chain performance for a high price 
clothing product.    
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Table 4.13 
Qualitative metrics values in two supply chain situations: before and after lean 
implementation for Broad Peak Inner Jacket 
Performance 
Metrics 
Qualitative Metric Values 
Before Lean Implementation (I=1) After Lean Implementation (I=2) 
(10-18) August, 2011 (22-29) August, 2011 
 (1, 3, 5) (3, 5, 7) 
 (3, 5, 7) (3, 5, 7) 
 (1, 1, 3) (1, 3, 5) 
 (5, 7, 9) (5, 7, 9) 
 (3, 5, 7) (3, 5, 7) 
 
4.5.4 SCOR Implementation Framework (Broad Peak Inner Jacket) 
 
As the SCOR model is the most effective tool to evaluate supply chain performance with 
operations improvement guidelines and a common framework to compare performance 
metrics, as with the previous supply chain analysis, different performance metrics were 
grouped according to five SCOR processes and four levels of implementations as mentioned 
in Table 4.14. The objective was to classify all the performance metrics within the SCOR 
framework and to measure and analyse supply chain performance, thus comparing the effect 
of lean tools on competitive strategy and supply chain integration. 
 
 131 
 
Table 4.14 
SCOR model and implementation levels for Broad Peak Inner Jacket supply chain 
 SCOR processes for Broad Peak Inner Jacket supply chain 
Strategic 
Focus 
Level 1 
(Process Level) 
Plan  Source Make  Deliver Return 
Efficient/ 
Lean  
Level 2 
(Configuration Level) 
Build to stock, Assemble to order (Stavrulaki and Davis 2010) 
Finished goods 
(1000 pieces 
order) 
Medium 
volume 
of 
purchasin
g 
Low volume, continuous 
process (Month long order) 
Small batch 
shipments 
(100 
pieces/batch) 
Efficiency 
driven (avg. 
53%/day/line ) 
Level 3 
(Process Element 
Level) 
𝑥𝑥𝑖𝑖11; 𝑥𝑥𝑖𝑖12; 
𝑥𝑥𝑖𝑖14; 𝑥𝑥𝑖𝑖21; 
𝑥𝑥𝑖𝑖34  
𝑥𝑥𝑖𝑖19; 
𝑥𝑥𝑖𝑖22; 
𝑥𝑥𝑖𝑖41; 
𝑥𝑥𝑖𝑖13; 𝑥𝑥𝑖𝑖15; 𝑥𝑥𝑖𝑖16; 𝑥𝑥𝑖𝑖23  𝑥𝑥𝑖𝑖17; 𝑥𝑥𝑖𝑖24; 
𝑥𝑥𝑖𝑖42  
𝑥𝑥𝑖𝑖18; 𝑥𝑥𝑖𝑖31; 
𝑥𝑥𝑖𝑖32; 𝑥𝑥𝑖𝑖33  
Level 4 
(Implementation 
Level) 
ERP N/A 
Effective layout, Pull 
system, Standardized work, 
Self Inspection Program 
N/A N/A 
 
 Ambe (2010); Lo and Power (2010); Stavrulaki and Davis (2010) determined product 
and process prerequisite characteristics for supply chain lean strategy. But these were not 
entirely relevant for the Broad Peak Inner Jacket as the order was for only 1,000 pieces and a 
medium volume of supplies was required from suppliers. Similarly, production needed to be 
continued for only a month. Although average production efficiency was only about fifty 
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percent, this supply chain was not suitable for lean tool implementations. Sigma applied 
several short term lean tools and found little improvement. 
4.6 Case 3 (High Volume, Low Price Product) 
 
4.6.1 Classic Fresher Pant Supply Chain 
 
Unlike the other two products, the Classic Fresher Pant has a far lower production time to 
produce one garment and consequently a far lower price. But customer orders numbered 
more than 6, 00,000 pieces of this high quality pant. Due to the large order, Sigma was able 
to apply different lean tools. Moreover, the buyer was also very interested for lean tools to be 
implemented in the downstream supply chain. Nike is the main buyer of the Classic Fresher 
Pant and approximately fifteen different local and foreign suppliers were involved including 
YKK, Avery Denison, Chun Wo Ho and Taiwan Paiho Ltd. who supplied fabrics, polyster, 
elastics, accessories, labels and polybag materials. The details of supplies are mentioned in 
BOM.  
Nike is one of the world’s renowned companies especially for sport- and footwear, 
established in 1972. The company’s stated goal is to continue with innovation, “whether to 
develop products that help athletes of every level of ability reach their potential, or to create 
business opportunities that set Nike apart from the competition and provide value for their 
shareholders”. There are more than 35,000 Nike employees across six continents and Nike 
has several wholly-owned subsidiaries including Cole Haan, Converse Inc., Hurley 
International LLC, NIKE Golf and Umbro Ltd. which operate in more than 160 countries.  
Nike men’s classic Fresher Pants are tracksuit pants designed to appear sporty and smart, 
with 100% polyester fabrics, intended to keep the wearer cool and dry during any activity. 
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They feature a ventilated mesh lining and quarter zip ankles, an elastic waist with drawstring, 
the Nike Swoosh logo on the left leg, dotted panels and white piping along both legs, and slit 
pockets on both sides. The detail specifications of the pant are given below: 
 
Figure 4.6: Classic Fresher Pant technical sketch with parts specifications 
 
The pant consists of the following main parts: waist, back yoke, front pocket, front and 
back rise seams, side and inseam, leg hem and mesh lining at the upper and lower parts. 
Fabrics for the classic pant as well as contrasts, lining and panels are supplied from various 
local and global suppliers. Formosa Taffeta is the main fabric supplier while Chun Wo Ho 
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and Little King supply panels and lining fabrics. YKK is the main supplier for leg tapes and 
slider tops and Tifco supplies thermo plastic elastic. Avery Denison supplies labels and other 
accessories whereas hangtags and barcodes are supplied by 21st Century Ltd. Most of the 
suppliers are well known for garment accessories and provide high quality supplies and 
accessories to maintain quality inputs for Sigma with least possible lead time. All these 
suppliers are registered by Nike. 
Initially, average production time to produce one pant was anticipated to be 35.29 
minutes with US$13.03 production price. The 6, 00,000 piece order started to feed in 2 
production lines from mid January, 2011. This supply chain was selected to evaluate lean 
performance as it fulfilled the requisite conditions: a large and confirmed order and low cost 
suppliers with low product variety. The main objective in selecting this particular product 
supply chain was to find out the relationship between high volume, low production times and 
a low price product with lean implementation. Like the two previous case supply chains, a 
total of nineteen performance metrics were also selected for this style (see Table 4.15), four 
each from time and quality and two flexibility metrics. All the cost metrics were measured on 
a daily basis and time measures were based on 15,000 pieces per lot. As with the preceding 
cases, some values needed to be determined and calculated using different equations and 
rules, as described in the following two sections. 
 
 
 
 
 
 
 
 135 
 
  
       Table 4.15 
                  Classic Fresher Pant supply chain measured metrics and categories 
Performance 
Categories 
Metric 
Id (𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′  
 ) 
Performance 
Metrics (Units) 
Metric  
Type 
Data source/ 
Departments 
Cost 
𝑥𝑥𝑖𝑖11  Profit/ piece ($) Quantitative/Benefit Finance and 
Commercial 
𝑥𝑥𝑖𝑖12  Production efficiency/ 
line/day (%) 
Quantitative/Benefit 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖13  
Effectiveness of master 
production schedule/ 
line/day (%) 
Quantitative/Benefit 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖14  Cost of goods sold/ piece 
($) 
Quantitative/ Cost 
Finance and 
Commercial 
𝑥𝑥𝑖𝑖15  Manufacturing cost/ piece 
($) 
Quantitative/ Cost 
Finance and 
commercial 
𝑥𝑥𝑖𝑖16  Overhead cost/ Piece ($) Quantitative/Cost Finance and 
Commercial 
𝑥𝑥𝑖𝑖17  Total logistic cost/ 15000 
pieces ($) 
Quantitative/Cost 
Logistics and Supply 
Chain 
𝑥𝑥𝑖𝑖18  Price/piece ($) Quantitative/Cost Merchandising 
𝑥𝑥𝑖𝑖19 Mutual assistance in 
problem solving ($) 
Qualitative /Cost 
Industrial 
Engineering 
Time 
𝑥𝑥𝑖𝑖21  Total cycle time/15000 
pieces (days) 
Quantitative/Cost 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖22  Purchase order cycle time 
(days) 
Quantitative/Cost Sales 
𝑥𝑥𝑖𝑖23  Production time/piece 
(Minutes) 
Quantitative/Cost 
Industrial 
Engineering 
𝑥𝑥𝑖𝑖24  Delivery lead time/ 15000 Quantitative/Cost Logistics and Supply 
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pieces (days) Chain 
Quality 
𝑥𝑥𝑖𝑖31  Customer satisfaction Qualitative/Benefit Merchandising 
𝑥𝑥𝑖𝑖32  Buyer- Suppliers 
relationship level 
Qualitative/Benefit Sales 
𝑥𝑥𝑖𝑖33  Quality of delivered Goods 
(%) 
Quantitative/Benefit Merchandising 
𝑥𝑥𝑖𝑖34  Accuracy of forecasting 
techniques 
Qualitative/Benefit Planning and Control 
Flexibility 
𝑥𝑥𝑖𝑖41  Suppliers defect free 
delivery (%) 
Quantitative/Benefit Sales 
𝑥𝑥𝑖𝑖42  Ability to response demand Qualitative/Benefit Finishing and 
Quality 
 
 
4.6.2 Descriptions and Calculations for Quantitative Metrics 
 
The company applied several lean tools and techniques to improve the overall supply chain 
performance. In a six month period, values regarding nineteen metrics were recorded and 
analysed before and after lean implementation. Values regarding purchase order cycle time, 
delivery lead time, quality of delivered goods and supplier defect free delivery were used as 
the recorded values whereas other quantitative values i.e., cost measures, efficiency, 
effectiveness and total cycle time were measured and calculated using Equations (4.1) to 
(4.11) which were discussed previously for first supply chain case. Daily values for different 
quantitative metrics before lean implementation for the months of March – late April, 2011 
are given in Table 4.16. 
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Table 4.16 
Quantitative metrics values before lean implementation for Classic Fresher Pant 
Performance 
Metrics 
Quantitative Metric Values 
Before Lean Implementation (i=1) 
March-2011 April-2011 
 Week-01 Week-02 Week-03 Week-04 Week-01 Week-02 Week-03 
𝑥𝑥𝑖𝑖11  41.97 41.96 42 42.05 42.01 42.05 42.03 
𝑥𝑥𝑖𝑖12  52.55 50.85 96.44 108.91 77.79 31.99 71.79 
𝑥𝑥𝑖𝑖13  83.33 73.53 58.07 75.68 74.61 52.92 59.41 
𝑥𝑥𝑖𝑖14  12.34 12.35 12.31 12.26 12.3 12.27 12.28 
𝑥𝑥𝑖𝑖15  12.41 12.42 12.38 12.33 12.37 12.34 12.35 
𝑥𝑥𝑖𝑖16  0.071 0.071 0.07 0.068 0.069 0.068 0.069 
𝑥𝑥𝑖𝑖17  7818 7823 7798 7768 7793 7772 7781 
𝑥𝑥𝑖𝑖18  13.03 13.038 12.996 12.947 12.989 12.954 12.968 
𝑥𝑥𝑖𝑖21  128.98 130.86 119.43 117.12 121.01 142.05 124.42 
𝑥𝑥𝑖𝑖22  35.4 35 34.2 34.1 35.3 34.8 35.2 
𝑥𝑥𝑖𝑖23  35.29 35.4 34.8 34.1 34.7 34.2 34.4 
𝑥𝑥𝑖𝑖24  73 73.2 73.1 72.5 72.8 73.5 74.1 
𝑥𝑥𝑖𝑖33  80 100 88 76 100 90 84 
𝑥𝑥𝑖𝑖41  76 78 87 75 100 71 100 
 
4.6.3 Descriptions and Calculations for Qualitative Metrics 
 
Values regarding qualitative metrics improved significantly through different lean tools and 
techniques. The company was able to implement significant number of lean tools and for this 
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reason, improvements were significant. Linguistic values for qualitative metrics were 
collected from same relevant departments mentioned earlier for previous cases. After 
implementing lean tools, mutual assistance in problem solving, customer satisfaction, the 
buyer-supplier relationship level and the ability to respond to demand have improved 
significantly. On the contrary, due to unsatisfactory efficiency improvements the accuracy of 
forecasting techniques was recorded as below standard after lean implementation. Using 
Table 4.4, all of the linguistic terms were converted to triangular fuzzy numbers and 
presented in Table 4.17. 
   Table 4.17 
   Qualitative metrics values before lean implementation for Classic Fresher Pant 
Performance 
Metrics 
Qualitative Metric Values 
Before Lean Implementation (i=1) 
March-April, 2011 
𝑥𝑥𝑖𝑖19 (1, 3, 5) 
𝑥𝑥𝑖𝑖31  (3, 5, 7) 
𝑥𝑥𝑖𝑖32  (1, 3, 5) 
𝑥𝑥𝑖𝑖34  (5, 7, 9) 
𝑥𝑥𝑖𝑖42  (3, 5, 7) 
 
Different lean tools: ERP, the Kanban system, a pull system were implemented to 
improve supply chain performance, especially in the production area.  As mentioned earlier, 
due to the large order, these tools and techniques were easily applied.  Improvements 
regarding production time, number of outputs and total cycle time were observed after 
implementing those tools but as would be expected, the tools had an adverse effect on mutual 
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assistance in problem solving between manufacturer and buyer, forecasting accuracy and 
overhead costs.  
Table 4.18 
Quantitative metrics values in two supply chain situations: before and after lean 
implementation for Classic Fresher Pant 
 
Performance 
Metrics 
Quantitative Metric Values 
Before Lean Implementation (i=1) After Lean Implementation (i=2) 
March-2011 April-2011 November-2011 December-2011 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
𝑥𝑥𝑖𝑖11  41.97 41.96 42 42.05 42.01 42.05 42.03 42.07 42.08 42.10 42.12 42.12 42.13 42.16 
𝑥𝑥𝑖𝑖12  52.55 50.85 96.44 108.91 77.79 31.99 71.79 68.85 45.99 40.35 53.87 93.39 70.20 83.96 
𝑥𝑥𝑖𝑖13  83.33 73.53 58.07 75.68 74.61 52.92 59.41 56.14 75.51 82.32 85.92 90.14 114.29 88.41 
𝑥𝑥𝑖𝑖14  12.34 12.35 12.31 12.26 12.3 12.27 12.28 12.25 12.23 12.22 12.2 12.2 12.2 12.16 
𝑥𝑥𝑖𝑖15  12.41 12.42 12.38 12.33 12.37 12.34 12.35 12.31 12.37 12.35 12.27 12.33 12.26 12.33 
𝑥𝑥𝑖𝑖16  0.071 0.071 0.07 0.068 0.069 0.068 0.069 0.067 0.132 0.132 0.065 0.13 0.065 0.064 
𝑥𝑥𝑖𝑖17  7818 7823 7798 7768 7793 7772 7781 7759 7750 7742 7729 7730 7725 7704 
𝑥𝑥𝑖𝑖18  13.03 13.038 12.996 12.947 12.989 12.954 12.968 12.931 12.917 12.903 12.882 12.883 12.875 12.84 
𝑥𝑥𝑖𝑖21  128.98 130.86 119.43 117.12 121.01 142.05 124.42 120.45 126.23 129.12 123.77 118.17 118.46 117.18 
𝑥𝑥𝑖𝑖22  35.4 35 34.2 34.1 35.3 34.8 35.2 35.2 35.6 34.6 34.2 35.2 34.1 34.6 
𝑥𝑥𝑖𝑖23  35.29 35.4 34.8 34.1 34.7 34.2 34.4 33.3 33.1 32.9 32.6 32.62 32.5 32 
𝑥𝑥𝑖𝑖24  73 73.2 73.1 72.5 72.8 73.5 74.1 73.8 73.2 74.3 74.2 74.1 72.6 72.4 
𝑥𝑥𝑖𝑖33  80 100 88 76 100 90 84 84 100 100 84 80 100 94 
𝑥𝑥𝑖𝑖41  76 78 87 75 100 71 100 94 68 75 89 78 88 100 
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Nike implemented training on a monthly basis, hence, the overhead cost increased. 
So, both the positive and negative effects of different lean tools were recorded simultaneously 
for performance evaluation. Metric values regarding quantitative and qualitative metrics 
before and after lean implementation for Classic Fresher Pant have shown in Table 4.18 and 
4.19. 
 
Table 4.19 
Qualitative metrics values in two supply chain situations: before and after lean 
implementation for Classic Fresher Pant 
Performance 
Metrics 
Qualitative Metric Values 
Before Lean Implementation (i=1) After Lean Implementation (i=2) 
March-April, 2011 November-December, 2011 
𝑥𝑥𝑖𝑖19 (1, 3, 5) (3, 5, 7) 
𝑥𝑥𝑖𝑖31  (3, 5, 7) (5, 7, 9) 
𝑥𝑥𝑖𝑖32  (1, 3, 5) (5, 7, 9) 
𝑥𝑥𝑖𝑖34  (5, 7, 9) (3, 5, 7) 
𝑥𝑥𝑖𝑖42  (3, 5, 7) (7, 9, 9) 
 
 
4.6.4 SCOR Implementation Framework (Classic Fresher Pant) 
 
Different performance metrics were grouped according to five SCOR processes and four 
levels of implementations, as presented in Table 4.20. The objective was to classify all the 
performance metrics within a SCOR framework and to measure and analyse supply chain 
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performance and compare the impact of lean tools on competitive strategy and supply chain 
integration. 
Table 4.20 
SCOR model and implementation levels for Classic Fresher Pant supply chain 
 SCOR Processes for “Classic Fresher Pant” supply chain 
Strategic 
Focus 
Level 1 
(Process Level) 
Plan  Source Make  Deliver Return 
Efficient/ 
Lean  
Level 2 
(Configuration Level) 
Build to stock, Assemble to order (Stavrulaki and Davis 2010) 
Finished goods 
(6,00,000 pieces 
order) 
High 
volume 
of 
purchasin
g 
High volume, continuous 
process (yearlong order) 
Large batch 
shipments 
(15,000 
pieces/batch) 
Efficiency 
driven (avg. 
61%/day/line ) 
Level 3 
(Process Element 
Level) 
𝑥𝑥𝑖𝑖11; 𝑥𝑥𝑖𝑖12; 
𝑥𝑥𝑖𝑖14; 𝑥𝑥𝑖𝑖21; 
𝑥𝑥𝑖𝑖34  
𝑥𝑥𝑖𝑖19; 
𝑥𝑥𝑖𝑖22; 
𝑥𝑥𝑖𝑖41; 
𝑥𝑥𝑖𝑖13; 𝑥𝑥𝑖𝑖15; 𝑥𝑥𝑖𝑖16; 𝑥𝑥𝑖𝑖23  𝑥𝑥𝑖𝑖17; 𝑥𝑥𝑖𝑖24; 
𝑥𝑥𝑖𝑖42  
𝑥𝑥𝑖𝑖18; 𝑥𝑥𝑖𝑖31; 
𝑥𝑥𝑖𝑖32; 𝑥𝑥𝑖𝑖33  
Level 4 
(Implementation 
Level) 
ERP N/A 
Effective layout, 
KANBAN Board, 
Inventory Control, Pull 
System, Standardized 
Work, Andon Control 
Switch, Self Inspection 
Program, 5S and Visual 
System  
Standard 
Metric 
Board 
Lean training 
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The prerequisites mentioned by Ambe (2010); Lo and Power (2010); Stavrulaki and 
Davis (2010) are satisfied for the Classic Fresher Pant. The 6, 00,000 piece order required a 
high volume of supplies, yearlong production and consequently a long supply chain lead 
time. Both product cost and production time is far less than those of the other two products. 
Although average production efficiency was above fifty percent, given the factors mentioned 
above, this supply chain was suitable for lean tool implementations.  
 Table 4.9, 4.14 and 4.20 show that SCOR frameworks for three different supply 
chain products can effectively include all the appropriate metrics for LSC models. Non- lean 
and lean metrics are included into SCOR frameworks by which performances of LSC can be 
measured before and after lean implementation. Total nineteen different metrics are classified 
according to the levels of SCOR framework where the strategic focus was lean or efficient 
supply chain. Through VSM, product’s value flow and process wastes have been identified 
and possible lean tools to minimize those wastes are applied. The effects of lean tools over 
performance metrics have been discussed and included into SCOR framework.  Since, the 
appropriate metrics and the effects of lean tools on metrics are included into SCOR model; 
LSC model can effectively measure the performances and improvements of supply chain 
before and after lean implementation. Fuzzy TOPSIS based performance and improvement 
measurement method will be discussed in next chapter.  
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Chapter 5 
Lean Supply Chain Performance Measurement 
Model 
 
Increasing global competitiveness worldwide has forced manufacturing organizations to 
produce high-quality products more quickly and at a competitive cost. In order to achieve this 
goal more efficiently than other competitors, a supply chain needs continuous improvements 
techniques. The lean initiative is one of the most significant approaches toward achieving this 
goal. It demands effective performance measurement and metrics to be established, 
particularly applicable in cost competitive supply chain to improve performance by reducing 
wastes. In recent years, most of the researchers used several alternative approaches to 
measure supply chain performance (Luo et al., 2010). Because of complexity of problems, 
researchers used several techniques and methods in different situations. Extensive multi 
criteria decision making approaches i.e., AHP, ANP, case-based reasoning (CBR), DEA, 
fuzzy set theory, genetic algorithm (GA), mathematical programming, SMART, and their 
hybrids have been mentioned in review paper (Ho et al., 2010). A variety of soft computing 
techniques have also been employed to evaluate supply chain performance especially to 
improve effectiveness and efficiency (Ko et al., 2010). Different mathematical techniques 
such as, fuzzy logic, neural network and generic algorithm have been mentioned to evaluate 
the performance for manufacturing flow management, order fulfilment, demand management 
and supplier relationship management.  The previous attempts have failed to incorporate 
quantitative and qualitative metrics into single performance measurement score. This chapter 
starts with proposing a fuzzy TOPSIS based performance evaluation method for lean supply 
chain. The method initially uses heuristic approach by converting performance metric values 
into triangular fuzzy numbers which are further used by TOPSIS method to measure the 
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improvements of supply chain performances after lean implementation. Another significant 
contribution is the investigation of the effect of product type and lean tool selection on supply 
chain performance. Since, the choice of lean tool selection depends on product price and type 
of supply chain; this study further investigates the impact of competitive strategy on supply 
chain performance. The details of proposed fuzzy TOPSIS method and three case examples 
will be discussed in the following sections.  
5.1 Performance Measurement Method 
 
The proposed method to measure the performance of lean supply chain consists of three main 
steps: 
a) Development of lean supply chain model considering both appropriate 
metrics or non- lean and lean metric both, 
b) Conversion of metric values into triangular fuzzy numbers and, 
c) Measuring lean supply chain performance using fuzzy TOPSIS method. 
 
For effective performance evaluation, measurement goals must represent 
organisational goals and the metrics selected should reflect a balance between financial and 
non-financial measures that can be related to strategic, tactical and operational levels of 
decision making and control (Gunasekaran et al., 2004). In the previous chapter, a set of 
appropriate metrics have been proposed in development of lean supply chain model. The 
metrics have both crisp and linguistic values. Since, fuzzy allows modelling of a significant 
number of performance metrics across multiple elements and processes of a supply chain; 
quantitative metric values were converted into triangular fuzzy numbers first. In case of 
qualitative metrics, linguistic terms are used for the conversions. After converting both 
quantitative and qualitative metric values into fuzzy numbers, the fuzzy TOPSIS method is 
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used to evaluate the performance of whole supply chain by considering the distance of non- 
lean and lean supply chain situations from positive and negative ideal solutions. The details 
of triangular fuzzy number generation and fuzzy TOPSIS method will be discussed in the 
following sections. 
 
5.1.1 Triangular Fuzzy Number Generation 
 
In this step, all the metric (both quantitative and qualitative) values need to be converted to 
triangular fuzzy numbers Different values for each of the metrics before and after lean 
implementation are to be collected . Previously it was assumed that, 𝑖𝑖 = 1,2, …𝑚𝑚 are 
different supply chain situations (e.g., before and after lean implementation); 𝑗𝑗 = 1,2, …𝑛𝑛 are 
different appropriate metric categories and 𝑘𝑘 = 1,2, … 𝑡𝑡 are different appropriate metrics 
which means, 𝐼𝐼 = �𝑖𝑖1,𝑖𝑖2, … . , 𝑖𝑖𝑚𝑚�; 𝐽𝐽 = �𝑗𝑗1,𝑗𝑗2, … . , 𝑗𝑗𝑛𝑛�; K = �𝑘𝑘1,𝑘𝑘2, … . , 𝑘𝑘𝑡𝑡�. Different values of 
d number of units (per week) for metric 𝑘𝑘𝑡𝑡  under situation 𝑖𝑖𝑚𝑚  and category 𝑗𝑗𝑛𝑛  can be 
expressed as 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡1,𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡2,, … . , 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑑𝑑 , . For example, the standard production times for 
a single unit of woven product in a clothing manufacturing company in 1st, 2nd, 3rd and 4th 
week for the month of July, 2011 are 102, 101.98, 101.73, 101.1 minutes. Different lean tools 
(line balancing, flexible manufacturing, 5S) have been applied and significant reduction in 
production time has been achieved.  Here 𝑘𝑘𝑡𝑡 =  production time, 𝑗𝑗𝑛𝑛 = time (category), 𝑖𝑖𝑚𝑚 = 
situation after lean implementation. In the next two sub- sections, the quantitative and 
qualitative triangular fuzzy number conversion from appropriate metric values will be 
discussed. The overall conversion algorithm proposed by Hong and Lee (1996) from metric 
values to triangular fuzzy numbers is discussed below and the methodology is presented in 
Figure 5.1. 
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Figure 5.1: Model algorithm to determine the triangular fuzzy number from 
metric values 
 
 
 
 
Different metric values, 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑑𝑑 ′ , 
Find the difference between 
adjacent values, 𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′  
𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′< 𝐶𝐶 ∗ 𝛿𝛿 
Take (1 − 𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′
𝐶𝐶∗𝛿𝛿
) Take 0 
Find the similarity between 
adjacent values, sd′  
Determine the triangular 
fuzzy number, 𝐹𝐹𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  
Find the central vertex point, 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡 ′𝑙𝑙′ 
Find the fuzzy boundary points 
𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙′ ,  𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙′  by interpolations 
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1. Triangular Fuzzy Number for Quantitative Metric Values 
 
As mentioned earlier, 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 1,𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 2,, … . , 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑑𝑑′ , are different values of d’ number 
of units for metric 𝑘𝑘𝑡𝑡′  under situation 𝑖𝑖𝑚𝑚  and criteria 𝑗𝑗𝑛𝑛 . These values are converted into 
quantitative fuzzy number and membership values applying the following steps:  
 
i. Find differences between consecutive values for quantitative metrics  
For each pair of 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑑𝑑′ , and 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ (𝑑𝑑′ −1),, the difference is, 
 
𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′ = 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑑𝑑′ , − 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ (𝑑𝑑′ −1),    (5.1) 
 
ii. Assign the value of similarity between adjacent values 
After finding the difference in adjacent values 𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′ , values for each 𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′  
need to be converted to a real number sd ′  between 0 to 1 according to the equation 
(5.2): 
 sd ′ = �1 − 𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜 𝑑𝑑′𝐶𝐶∗𝛿𝛿    for 𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′ ≤  𝐶𝐶 ∗ 𝛿𝛿 
       0         otherwise             (5.2) 
 
Where, C is the control parameter deciding the shape of the membership function of 
similarity, 𝛿𝛿 𝑖𝑖𝑠𝑠 the standard deviation of 𝑑𝑑𝑖𝑖𝑜𝑜𝑜𝑜𝑑𝑑′  and sd ′  is the real number. 
 
iii. Determine linguistic fuzzy numbers and membership functions. 
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The similarity between the adjacent values has already been calculated. Now, 
the metric values need to be converted into triangular fuzzy number. The triangular 
fuzzy numbers for the values of quantitative metrics can be defined as: 
 
𝐹𝐹𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙′= �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11, 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11, 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11�, �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘12,𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11, 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘12�, … . �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙′ ,𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙′ , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙′ � 
 
        (5.3) 
Where, 𝑘𝑘𝑡𝑡′  = Number of quantitative metrics; 𝑙𝑙′  = Number of quantitative triangular 
fuzzy numbers; 𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′ , 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′ , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  are the three points of triangular fuzzy number 
(Figure 5.2) and here, 𝑘𝑘𝑡𝑡′ = 𝑙𝑙′ .  
 
 
       1 
 
 
 
 
        0       Quantitative metric (𝑘𝑘𝑡𝑡′ ) 
         𝑎𝑎𝑖𝑖𝑚𝑚𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′𝑙𝑙′       𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′        𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  
 
Figure 5.2: Triangular fuzzy number and membership values for quantitative 
metrics 
 
The triangular fuzzy number always has the maximum membership value of 1 at 
centre point 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′ , (for symmetrical triangular fuzzy number) and minimum values of zero 
at both the points at 𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  and 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′ .To determine these three fuzzy points 𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′ , 
𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙
′ , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  from the quantitative metric values, heuristic method is used here (Hong 
and Lee, 1996). First, its need to be assumed that the centre point 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′  lies at the centre of 
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gravity of the entire group (here the group means the sample metric values as, 
𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′1,𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′2,, … . , 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′𝑑𝑑′ ,). Next, the membership values of two boundaries of that 
group need to be identified which means the minimum and maximum fuzzy values in that 
group. The two end points 𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  and 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  of the fuzzy membership function can then 
be obtained through the extrapolation of 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′  and the two boundary limits. If the values 
𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′1,𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′2,, … . , 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′𝑑𝑑′ , belong to same group, then the central vertex point 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′  
can be defined as: 
 
𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙
′ = 𝑥𝑥𝑖𝑖𝑚𝑚𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 1,,∗ 𝑠𝑠𝑑𝑑′+𝑥𝑥𝑖𝑖𝑚𝑚𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 2,∗sd′+sd′+12 +⋯……+𝑥𝑥𝑖𝑖𝑚𝑚𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ (d′−1),∗𝑠𝑠(d′−1)
𝑠𝑠
𝑑𝑑′
 + sd′+sd′+12 +⋯…….𝑠𝑠(d′−1)  
                 (5.4) 
 
In addition to that, by interpolations, the other two points can also be expressed as: 
 
𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙
′  =𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙 ′ _ 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′ −𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑑𝑑 ′ ,1−𝜇𝜇 (𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑑𝑑 ′ ,)     (5.5) 
 
𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙
′  =𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑙𝑙 ′ + 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑙𝑙′ −𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑑𝑑 ′ ,1−𝜇𝜇(𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′ 𝑑𝑑 ′ ,)     (5.6) 
 
Where, 𝜇𝜇 �𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑑𝑑′ ,� =  min⁡(sd ′ , sd ′ +1, … ) and 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′ 𝑑𝑑′ ,is the corresponding 
metric value for min⁡(sd ′ , sd ′ +1, … ). So triangular fuzzy numbers for quantitative metrics can 
now be determined by using equations (5.1) to (5.6). By using these equations, all the metric 
values can be converted into triangular fuzzy numbers. 
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2. Triangular fuzzy number for qualitative metric values 
 
For qualitative metrics, multiple triangular fuzzy linguistic terms and corresponding 
triangular fuzzy numbers are used. Here the linguistic terms are defined by two unit interval 
of linear triangular membership functions by fuzzy set (𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′ , 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′ , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′ ) as listed in 
Table 4.4, where 𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′ , 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′  and 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′  represent three point of triangular fuzzy number 
against corresponding linguistic terms for qualitative metrics .   
 
          VL            L             M               H              VH       
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    0 
         1         3          5              7               9              
 
Figure 5.3: Triangular fuzzy numbers for corresponding linguistic terms 
 
For any linguistic terms regarding qualitative metric, corresponding triangular fuzzy 
number can be used. For example, if the linguistic term for (quality of delivered goods) is 
termed as medium (M), (3, 5, 7) can be used as the triangular fuzzy value of that linguistic 
term- medium. Similarly, all the qualitative metrics can be defined by linguistic terms and 
converted into triangular fuzzy numbers. So triangular fuzzy values for qualitative metrics 
can be defined as: 
 
𝐹𝐹𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′= �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11,𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11, 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11�, �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘12, 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘11, 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘12�, … . �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′ ,𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′ , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡′′ 𝑙𝑙 ′′ � 
          
        (5.7) 
 151 
 
Where, 𝑘𝑘𝑡𝑡′′  = Number of qualitative metrics; 𝑙𝑙′′ = Number of triangular fuzzy values; 
𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′′ 𝑙𝑙
′′ , 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′′ 𝑙𝑙′′ , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡′′ 𝑙𝑙′′  are the three points of triangular fuzzy number (in terms of 
linguistic measures) for qualitative metrics and here, 𝑘𝑘𝑡𝑡′′ = 𝑙𝑙′′ .  
  
So for quantitative metrics, heuristic method is used to determine the triangular fuzzy 
numbers and for qualitative variables, fuzzy linguistic terms and corresponding triangular 
fuzzy numbers are assumed. Using equations (5.1) to (5.7), all the conversions can be 
calculated. Finally, triangular fuzzy number for appropriate metric (both quantitative and 
qualitative) can be expressed as:  
 
𝐹𝐹𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 = �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 ,𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙�    (5.8) 
 
5.1.2 Fuzzy TOPSIS Method 
 
TOPSIS defines an index called similarity to the positive-ideal solution and the remoteness 
from the negative- ideal solution. Then, the method chooses an alternative with the maximum 
similarity to the positive-ideal solution (Sun, 2010). The step-by-step fuzzy TOPSIS method 
to identify best solution is described below (Önüt et al., 2008; Awasthi et al., 2010; Sun, 
2010): 
 
1. Normalize triangular fuzzy number 
 
All quantitative and qualitative metrics can be sub grouped as benefit and cost metrics. 
Benefit means the more the better where cost means the less the better. If the metric values 
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are not normalized to a range from zero to one, they cannot be compared to each other to find 
out the supply chain performance. The corresponding normalization equations are as follows: 
 
𝑁𝑁𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 = �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙𝑐𝑐𝑙𝑙𝑚𝑚𝑎𝑎𝑥𝑥 , 𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙𝑐𝑐𝑙𝑙𝑚𝑚𝑎𝑎𝑥𝑥 , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙𝑐𝑐𝑙𝑙𝑚𝑚𝑎𝑎𝑥𝑥 � and 𝑐𝑐𝑙𝑙𝑚𝑚𝑎𝑎𝑥𝑥 = 𝑚𝑚𝑎𝑎𝑥𝑥�𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙�      (benefit metrics) (5.9) 
 
 
𝑁𝑁𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 = � 𝑐𝑐𝑙𝑙𝑚𝑚𝑖𝑖𝑛𝑛𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 , 𝑐𝑐𝑙𝑙𝑚𝑚𝑖𝑖𝑛𝑛𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 , 𝑐𝑐𝑙𝑙𝑚𝑚𝑖𝑖𝑛𝑛𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙� and 𝑐𝑐𝑙𝑙𝑚𝑚𝑖𝑖𝑛𝑛 = 𝑚𝑚𝑖𝑖𝑛𝑛�𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙�         (cost metrics)     (5.10) 
 
2. Prioritize competitive strategy over metric category 
 
The success or failure of supply chains is ultimately determined in the marketplace by the end 
customer. Getting the right product, at the right time to the consumer is not only the 
characteristic for competitive supply chain, but also the key to survival. Hence, customer 
satisfaction and understanding of market place are critical elements for consideration when 
attempting to establish a new supply chain strategy (Agarwal et al., 2006). Likewise, 
considering different competitive strategy and company objective towards better customer 
service, relative importance to metric categories need to be established. For this reason, 
relative weight vector 𝑊𝑊𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑚𝑚  has been chosen for metric category 𝑥𝑥𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛    which can be 
expressed as,  
 
𝑊𝑊𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑚𝑚 = 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1 + 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 + 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3 + 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4  +⋯+ 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗n                          (5.11) 
 
 
Where, 𝑚𝑚 = number of weight vector for metric category, 
and ∑ wunu=1 =1, where, wuϵ[0,1] 
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3. Compute weighted normalized fuzzy value 
 
The weighted normalized fuzzy value 𝑉𝑉𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡𝑣𝑣  for appropriate metrics is computed by 
multiplying the competitive priority weights (𝑊𝑊𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 u) of metric category with the normalized 
triangular fuzzy numbers (𝑁𝑁𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 ) as, 
 
𝑉𝑉𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣 = 𝑁𝑁𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑙𝑙 ∗ 𝑊𝑊𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛u        (5.12) 
          = �𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ ,𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ , 𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ � 
 
Where, 𝑣𝑣 = number of weighted fuzzy numbers 
 
4. Identify fuzzy positive ideal solution (FPIS) and fuzzy negative ideal solution (FNIS) 
 
As the weighted normalized fuzzy value (𝑉𝑉𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡𝑣𝑣) is calculated, now the FPIS and FNIS can 
be computed by following equations, 
 
𝑆𝑆𝑘𝑘𝑡𝑡
∗ (FPIS) = max⁡(𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ )        (5.13) 
 
𝑆𝑆𝑘𝑘𝑡𝑡
− (FNIS) = min⁡(𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ )        (5.14) 
 
Where, 𝑆𝑆𝑘𝑘𝑡𝑡
∗ , 𝑆𝑆𝑘𝑘𝑡𝑡
−  are FPIS and FNIS for performance metrics 𝑘𝑘𝑡𝑡  
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5. Calculate the distance of non- lean and lean supply chain situations from FPIS and FNIS 
 
The distances (𝐷𝐷𝑘𝑘𝑡𝑡
∗ , 𝐷𝐷𝑘𝑘𝑡𝑡
− ) of supply chain situations (before and after lean implementation) 
from FPIS and FNIS are calculated as, 
 
𝐷𝐷𝑘𝑘𝑡𝑡
∗ = �13 ��𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ − 𝑆𝑆𝑘𝑘𝑡𝑡∗ �2 + �𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ − 𝑆𝑆𝑘𝑘𝑡𝑡∗ �2 + �𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ − 𝑆𝑆𝑘𝑘𝑡𝑡∗ �2�  (5.15) 
 
𝐷𝐷𝑘𝑘𝑡𝑡
− = �13 ��𝑎𝑎𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ − 𝑆𝑆𝑘𝑘𝑡𝑡− �2 + �𝑙𝑙𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ − 𝑆𝑆𝑘𝑘𝑡𝑡− �2 + �𝑐𝑐𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛 𝑘𝑘𝑡𝑡𝑣𝑣′ − 𝑆𝑆𝑘𝑘𝑡𝑡− �2�  (5.16) 
 
Where, 𝐷𝐷𝑘𝑘𝑡𝑡
∗ , 𝐷𝐷𝑘𝑘𝑡𝑡
−  are the distance measurements of supply chain situations from FPIS 
and FNIS for appropriate metrics 𝑘𝑘𝑡𝑡  
 
6. Compute the closeness coefficients for each supply chain situation 
 
The closeness coefficient (𝐶𝐶𝐶𝐶𝑖𝑖𝑚𝑚 ) represents the distances of supply chain situations to the 
fuzzy positive ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
∗ ) and fuzzy negative ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
− ) simultaneously. 
The value of 𝐶𝐶𝐶𝐶𝑖𝑖𝑚𝑚  for each supply chain situation is computed as, 
 
𝐶𝐶𝐶𝐶𝑖𝑖𝑚𝑚 = 𝐷𝐷𝑘𝑘𝑡𝑡−𝐷𝐷𝑘𝑘𝑡𝑡− +𝐷𝐷𝑘𝑘𝑡𝑡∗           (5.17) 
 
7. Calculate the performance of non- lean and lean supply chain    
 
Since, closeness coefficient determines the distance of each supply chain situation from FPIS 
and FNIS, it represents the value of close to FPIS and farthest to FNIS. So, the overall 
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performance value for supply chain situation (before and after lean implementation) can be 
evaluated by, 
 
𝑃𝑃𝑖𝑖𝑚𝑚 = 𝐶𝐶𝐶𝐶𝑖𝑖𝑚𝑚 ∗ 100%          (5.18) 
  
Applying equations (5.1) to (5.18), three case examples of apparel supply chain 
products are analysed. Three different products with different order amounts, prices and 
production times have been chosen in case examples. Different products have distinct 
characteristics in terms of price, lead time and quality. Value analysis and calculation for 
nineteen metrics from the product supply chains have already been discussed in previous 
chapter. The objective here of the proposed method is to evaluate the performance of lean 
supply chain and the effects of lean tools over supply chain performance. The effects of 
supply chain competitive strategies for three different products are examined with this 
method. The effects of product order volume and price over lean tool selection and 
performance are also analysed. The details of three case studies with analysis and discussions 
are presented in the following sections. 
5.2 Case 1 (Motion Pant) 
 
Performance metrics and values of both quantitative and qualitative metrics can be evaluated 
by the Fuzzy TOPSIS method proposed in this chapter. Fuzzy logic is very effective for 
incomplete quantitative measures as well as for qualitative metrics.  
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Table 5.1  
Performance metric values in two supply chain situations- before and after lean 
implementation for Motion Pant 
Performance 
Metrics 
Metric Values 
Before Lean Implementation (i=1) After Lean Implementation (i=2) 
March-2011 Aril-2011 October-2011 November-2011 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
Profit/ Piece ($) 18.49 18.491 18.509 18.553 18.651 18.647 18.65 18.784 18.889 18.91 18.952 18.98 19.008 19.04 
Efficiency (%) 41 48 58 57 62 65 63 70 66 75 83 88 66 84 
Effectiveness (%) 44.79 65.49 62.75 61.76 65.39 69.07 66.95 72.81 67.57 77.03 72.94 76.98 76.61 72.11 
Cost of goods 
sold ($) 19.552 19.55 
19.536 19.5 19.418 19.422 19.419 19.307 19.22 19.203 19.163 19.219 19.121 19.094 
Manufacturing 
cost ($) 19.756 19.7539 
19.7394 19.7022 19.617 19.622 19.618 19.503 19.46 19.443 19.401 19.409 19.31 19.282 
OH cost ($) 0.204 0.2039 0.2034 0.2022 0.1994 0.1995 0.1994 0.1956 0.2407 0.24 0.2385 0.19 0.1892 0.188 
Logistic cost ($) 20586 20584 20569 20530 20444 20448 20446 20328 20236 20218 20181 20156 20132 20104 
Price ($) 23.5 23.497 23.481 23.437 23.339 23.343 23.34 23.206 23.101 23.08 23.038 23.01 22.982 22.95 
Mutual assistance Very low (1, 1, 3) Medium (3, 5, 7) 
Total Cycle time 
(days) 
225.66 223.32 220.28 220.44 219.54 219.61 218.96 199.93 204.35 192.4 198.98 198.4 191.19 190.42 
Purchase order 
time (days) 75 74.6 
74.3 73.8 74.1 74.7 73.2 74.3 73.7 74.5 75.2 74.8 73.2 73.1 
Production time 
(minutes) 102 101.98 
101.73 101.1 99.7 99.76 99.72 97.8 96.3 96 95.4 95 94.6 94 
Delivery lead 
time (days) 97.66 96.5 
95.62 95.8 94.2 94.31 94.23 86.3 87.43 83.2 84.11 83.3 79.29 81.72 
Customer 
satisfaction Medium (3, 5, 7) 
High (5, 7, 9) 
Buyer- 
manufacturer 
relation 
Very low (1, 1, 3) Medium (3, 5, 7) 
Quality of 
delivered goods 89 92 
91 95 93 91 92 94 88 93 96 92 93 92 
Forecasting 
accuracy Medium (3, 5, 7) 
High (5, 7, 9) 
Supplier defect 
free delivery 
95 98 92 93 99 91 92 94 91 95 97 91 93 94 
Ability to 
response demand Medium (3, 5, 7) Medium (3, 5, 7) 
 
 157 
 
Applying equations (5.1) to (5.6), the metric values can be converted into triangular 
fuzzy numbers. The triangular fuzzy numbers can then be compared two distinct situations: 
before and after lean implementations using TOPSIS method. This method is mostly suitable 
to compare and identify best method among different supply chain situations. The values of 
quantitative and qualitative measures are mentioned in Table 5.1. The methods and 
procedures to record and collect those values are already discussed in previous chapter.  
Now, the values of quantitative metrics mentioned in Table 5.1 are converted into 
triangular fuzzy numbers using equations (5.1) to (5.6). For example, the fuzzy number 
(𝑎𝑎111,𝑙𝑙111 ,𝑐𝑐111 ) for performance metric, 𝑥𝑥111  (profit/ piece) using the values of similarities is 
computed and shown in Table 5.2. Since, the values of profit/ piece ($) are measured before 
lean implementations; I used here, i=1; j=1 (cost category) and k=1.  
 
 
    Table 5.2 
    Generating triangular fuzzy number from quantitative metric values for Motion Pant  
 
Metric values 
 
 
Differences 
 
Value of Similarities 
 
Triangular Fuzzy 
Number 
𝒙𝒙𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕′ 𝒅𝒅′ , 
(m=1; n=1; 𝒌𝒌𝒕𝒕′ =1; 
𝒅𝒅′=1 to7) 
𝒅𝒅𝒊𝒊𝒅𝒅𝒅𝒅𝒅𝒅′= 𝒙𝒙𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕′ 𝒅𝒅′ ,
− 𝒙𝒙𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕′ (𝒅𝒅′−𝟏𝟏), 
𝐬𝐬𝐝𝐝′ = �𝟏𝟏 − 𝒅𝒅𝒊𝒊𝒅𝒅𝒅𝒅𝒅𝒅′𝑪𝑪∗𝜹𝜹   for 𝒅𝒅𝒊𝒊𝒅𝒅𝒅𝒅𝒅𝒅′ ≤  𝑪𝑪 ∗ 𝜹𝜹 
                0               otherwise 
 
Here, C=4; 𝜹𝜹= 0.034 
�𝒂𝒂𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕′ ,𝒃𝒃𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕′ ,𝒄𝒄𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕  
 
 
Here, 𝑖𝑖𝑚𝑚  = 1, 
𝑗𝑗𝑛𝑛  = 1,𝑘𝑘𝑡𝑡 ′  = 1 
18.490 0.001 0.99 
(18.545, 18.571, 
18.579) 
18.491 0.018 0.87 
18.509 0.044 0.68 
18.553 0.094 0.31 
18.651 0.003 0.98 
18.647 0.001 0.99 
18.650  
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Table 5.3 
Triangular fuzzy numbers, normalized fuzzy values for supply chain situations for  
Motion Pant 
   Triangular Fuzzy Number (𝑭𝑭𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒓𝒓) Normalized Fuzzy Value (𝑵𝑵𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒓𝒓) 
Performance 
Categories 
Competitive Strategy 
(𝑊𝑊𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛u) 
Performance 
Metrics 
Non- Lean 
Situation (i=1) Lean Situation (i=2) 
Non- Lean 
Situation (i=1) Lean Situation (i=2) 
Cost Very High (7, 9, 9) 
𝑥𝑥𝑖𝑖11  (18.545, 18,571, 18.579) (18.766, 18.964, 19.162) (0.968, 0.969, 0.9696) (0.979, 0.990, 1.000) 
𝑥𝑥𝑖𝑖12  (44, 58, 73) (75, 76, 76) (0.579, 0.763, 0.961) (0.987, 1.000, 1.000) 
𝑥𝑥𝑖𝑖13  (38.143, 63.709, 89.276) (63.376, 74.413, 85.451) (0.472, 0.714, 1.000) (0.710, 0.834, 0.957) 
𝑥𝑥𝑖𝑖14  (19.198, 19.485, 19.772) (19.157, 19.182, 19.207) (0.969, 0.983, 0.998) (0.997, 0.999, 1.000) 
𝑥𝑥𝑖𝑖15  (19.593, 19.687, 19.781) (19.294, 19.405, 19.516) (0.975, 0.980, 0.985) (0.989, 0.994, 1.000) 
𝑥𝑥𝑖𝑖16  (0.199, 0.202, 0.205) (0.189, 0.211, 0.234) (0.922, 0.936, 0.950) (0.808, 0.896, 1.000) 
𝑥𝑥𝑖𝑖17  (21419, 20515, 20611) (20098, 20170, 20242) (0.975, 0.980, 0.984) (0.993, 0.996, 1.000) 
𝑥𝑥𝑖𝑖18  (23.312, 23.42, 23.527) (22.943, 23.025, 23.108) (0.975, 0.980, 0.984) (0.993, 0.996, 1.000) 
𝑥𝑥𝑖𝑖19 (1, 1, 3) (3, 5, 7) (0.333, 1.000, 1.000) (0.143, 0.200, 0.333) 
Time 
Medium 
 (3, 5, 7) 
𝑥𝑥𝑖𝑖21  (220.21, 220.54, 220.88) (190.98, 195.88, 200.77) (0.865, 0.866, 0.867) (0.951, 0.975, 1.000) 
𝑥𝑥𝑖𝑖22  (73.17, 74.17, 75.76) (73.66, 74.02, 74.38) (0.966, 0.983, 1.000) (0.984, 0.989, 0.993) 
𝑥𝑥𝑖𝑖23  (99.29, 100.85, 102.42) (94.05, 95.22, 96.4) (0.918, 0.933, 0.947) (0.976, 0.988, 1.000) 
𝑥𝑥𝑖𝑖24  (93.79, 95.2, 96.6) (77.79, 84.05, 90.3) (0.805, 0.817, 0.829) (0.861, 0.926, 1.000) 
Quality 
Low  
(1, 3, 5) 
𝑥𝑥𝑖𝑖31  (3, 5, 7) (5, 7, 9) (0.333, 0.566, 0.778) (0.566, 0.778, 1.000) 
𝑥𝑥𝑖𝑖32  (1, 1, 3) (3, 5, 7) (0.143, 0.143, 0.429) (0.429, 0.714, 1.000) 
𝑥𝑥𝑖𝑖33  (89, 92, 97) (85, 92, 99) (0.899, 0.929, 0.98) (0.859, 0.929, 1.000) 
𝑥𝑥𝑖𝑖34  (3, 5, 7) (5, 7, 9) (0.333, 0.566, 0.778) (0.566, 0.778, 1.000) 
Flexibility Very Low (1, 1, 3) 
𝑥𝑥𝑖𝑖41  (92, 93, 95) (90, 93, 96) (0.958, 0.969, 0.99) (0.938, 0.969, 1.000) 
𝑥𝑥𝑖𝑖42  (3, 5, 7) (3, 5, 7) (0.429, 0.714, 1.000) (0.429, 0.714, 1.000) 
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Similarly, all the other values regarding quantitative metrics for non- lean and lean 
situations are converted into triangular fuzzy numbers using equations. (5.1) to (5.6) and 
presented in fourth and fifth columns in Table 5.3. In case of qualitative metrics, linguistic 
terms are used and corresponding triangular fuzzy numbers (see Table 4.4). For example, 
customer satisfaction (𝑥𝑥𝑖𝑖31,) can only be measured by linguistic term. In the case example, 
customer is satisfied as higher level after implemented lean tools which was previously 
measured as medium level. So, merchandiser for Motion Pant had termed these two linguistic 
terms “Medium” and “High” before and after lean implementations. Using Table 4.4, these 
two linguistic terms are computed in triangular fuzzy numbers by (3, 5, 7) and (5, 7, 9) and 
shown in Table 5.3.  
 
In the next step, the normalization of fuzzy numbers for two supply chain situations is 
computed using equations (5.9) to (5.10). For example, the normalized fuzzy value for non- 
lean situation for profit metric (𝑥𝑥111 ) is calculated as, 
 
𝑐𝑐𝑙𝑙𝑚𝑚𝑎𝑎𝑥𝑥 = max (18.579, 19.162) = 19.162 
 
𝑐𝑐𝑙𝑙𝑚𝑚𝑖𝑖𝑛𝑛 = min (18.545, 18.766) = 18.545 
 
Since, profit (𝑥𝑥111 ) is a benefit type metric, the normalized fuzzy value for non- lean 
situation for profit metric (𝑥𝑥111 ) is shown in column six, Table 5.3: 
 
𝑁𝑁111 = (18.54519.162 , 18.57119.162 , 18.57919.162) = (0.968, 0.969, 0.9696) 
 
Similarly, all the normalized values for two supply chain situations and performance 
metrics are calculated and shown in Table 5.3. After that, the weighted supply chain 
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situations for performance metrics are constructed using equation (5.12). Different 
competitive strategies for metric categories from column 2 of Table 5.3 and normalized fuzzy 
values (𝑁𝑁𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛𝑘𝑘𝑡𝑡𝑙𝑙 ) from column 6 and 7 of Table 5.3 are used to calculate weighted supply chain 
situations. For example, weighted fuzzy values of profit metric (𝑥𝑥111 ) for non- lean situation 
is computed as,  
 
𝑉𝑉111 = (0.968, 0.969, 0.9696)*(7, 9, 9) = (6.775, 8.722, 8.726) 
 
Similarly, all the weighted supply chain situations for nineteen performance metrics 
are calculated and shown in Table 5.4. Then, the fuzzy negative ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
− ) and the 
fuzzy positive ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
∗ ) are computed by using equations (5.13) to (5.14). For 
example, the FNIS and FPIS for profit metric (𝑥𝑥111 ) is computed and mentioned in column 
four and five in Table 5.4, 
 
𝑆𝑆1−= (6.775, 6.855) = 6.775 
 
𝑆𝑆1∗= (8.726, 9.000) = 9.000 
 
Likewise, All the FNIS and FPIS are calculated (see Table 5.4). 
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           Table 5.4 
        Weighted normalized supply chain situations, FNIS; FPIS for Motion Pant 
 Weighted Supply Chain Situations (𝑽𝑽𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒗𝒗) 
Ideal 
Solutions 
Distance From 
FNIS (𝑫𝑫𝒌𝒌𝒕𝒕
− ) 
Distance From 
FPIS (𝑫𝑫𝒌𝒌𝒕𝒕
∗ ) 
Perfo
rman
ce 
Metri
cs 
Non- Lean Situation 
(i=1) 
Lean Situation  
(i=2) 
FNIS 
(𝑺𝑺𝒌𝒌𝒕𝒕
− ) 
FPI
S 
(𝑺𝑺𝒌𝒌𝒕𝒕
∗
) 
Non- 
Lean 
(i=1) 
Lean 
(i=2) Non- 
Lean 
(i=1) 
Lean 
(i=2) 
𝑥𝑥𝑖𝑖11 (6.775, 8.722, 8.726) (6.855, 8.907, 9.000) 6.77 9.00 1.592 1.780 1.304 1.239 
𝑥𝑥𝑖𝑖12 (4.053, 6.868, 8.645) (6.908, 9.000, 9.000) 4.05 9.00 3.110 4.363 3.117 1.208 
𝑥𝑥𝑖𝑖13 (2.991, 6.423, 9.000) (4.969, 7.502, 8.61) 2.99 9.00 3.995 4.316 3.775 2.493 
𝑥𝑥𝑖𝑖14 (6.782, 8.848, 8.981) (6.982, 8.988, 9.000) 6.78 9.00 1.742 1.810 1.283 1.165 
𝑥𝑥𝑖𝑖15 (6.828, 8.82, 8.863) (6.92, 8.949, 9.000) 6.83 9.00 1.644 1.754 1.261 1.201 
𝑥𝑥𝑖𝑖16 (6.454, 8.421, 8.548) (5.654, 8.062, 9.000) 5.65 9.00 2.357 2.380 1.530 2.006 
𝑥𝑥𝑖𝑖17 (6.826, 8.817, 8.859) (6.95, 8.968, 9.000) 6.83 9.00 1.643 1.764 1.262 1.184 
𝑥𝑥𝑖𝑖18 (6.826, 8.817, 8.858) (6.95, 8.968, 9.000) 6.83 9.00 1.642 1.763 1.262 1.184 
𝑥𝑥𝑖𝑖19 (2.333, 9.000, 9.000) (1.000, 1.8, 3.000) 1.00 9.00 6.577 1.244 3.849 7.144 
𝑥𝑥𝑖𝑖21 (2.594, 4.33, 6.071) (2.854, 4.875, 7.000) 2.59 7.00 2.244 2.868 3.023 2.690 
𝑥𝑥𝑖𝑖22 (2.897, 4.913, 7.000) (2.951, 4.943, 6.95) 2.90 7.00 2.639 2.623 2.658 2.622 
𝑥𝑥𝑖𝑖23 (2.755, 4.663, 6.63) (2.927, 4.939, 7.000) 2.75 7.00 2.494 2.758 2.806 2.635 
𝑥𝑥𝑖𝑖24 (2.416, 4.086, 5.806) (2.584, 4.628, 7.000) 2.42 7.00 2.182 2.940 3.211 2.894 
𝑥𝑥𝑖𝑖31 (0.333, 1.667, 3.889) (0.556, 2.333, 5.000) 0.33 5.00 2.192 2.934 3.373 2.992 
𝑥𝑥𝑖𝑖32 (0.143, 0.429, 2.143) (0.429, 2.143, 5.000) 0.14 5.00 1.166 3.037 4.189 3.112 
𝑥𝑥𝑖𝑖33 (0.899, 2.788, 4.899) (0.859, 2.788, 5.000) 0.86 5.00 2.585 2.638 2.691 2.711 
𝑥𝑥𝑖𝑖34 (0.333, 1.667, 3.889) (0.556, 2.333, 5.000) 0.33 5.00 2.192 2.934 3.373 2.992 
𝑥𝑥𝑖𝑖41 (0.958, 0.969, 2.969) (0.938, 0.97, 3.000) 0.94 3.00 1.173 1.191 1.663 1.671 
𝑥𝑥𝑖𝑖42 (0.429, 0.714, 3.000) (0.429, 0.714, 3.000) 0.43 3.00 1.494 1.494 1.986 1.986 
 
 
 After that, the distance (𝐷𝐷𝑘𝑘𝑡𝑡
∗ , 𝐷𝐷𝑘𝑘𝑡𝑡
− ) of supply chain situations (before and after lean 
implementation) from FPIS and FNIS is calculated using equations (5.15) to (5.16). For 
example, the distances of non- lean supply chain situation with (𝑆𝑆𝑘𝑘𝑡𝑡
− ) and (𝑆𝑆𝑘𝑘𝑡𝑡
∗ ) for profit 
metric (𝑥𝑥111 ) are as follows, 
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 𝐷𝐷1− = �13 [(6.775 − 6.775)2 + (8.722 − 6.775)2 + (8.726 − 6.775)2] = 1.592 
𝐷𝐷1− = �13 [(6.775 − 9.000)2 + (8.722 − 9.000)2 + (8.726 − 9.000)2] = 1.304 
 
 Similarly, all the distances of supply chain situations from FNIS and FPIS are 
calculated and shown in last four columns of Table 5.4. The aggregate values of distances for 
two supply chain situations are then computed and shown in Table 5.5. 
 
                      Table 5.5 
Closeness coefficients and performance for supply chain 
situations for Motion Pant 
 
Supply Chain Situations 
Non-Lean 
Situation (i=1) 
Lean Situation  
(i=2) 
Distance 
From FNIS 
(𝑫𝑫𝒌𝒌𝒕𝒕
− ) 
44.66 46.591 
Distance 
From FPIS 
(𝑫𝑫𝒌𝒌𝒕𝒕
∗ ) 
47.616 45.102 
Closeness 
Coefficient 
( 𝑪𝑪𝑪𝑪𝒊𝒊𝒎𝒎) 0.484 0.50812 
Performance 
(𝑷𝑷𝒊𝒊𝒎𝒎) % 
48.40 50.81 
 
 Then, the closeness coefficients (𝐶𝐶𝐶𝐶𝑖𝑖𝑚𝑚 ) for supply chain situations with the fuzzy 
positive ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
∗ ) and fuzzy negative ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
− ) are computed using 
equation (5.17). For example, the closeness coefficient for non- lean supply chain situation is 
calculated by, 
 
 163 
 
𝐶𝐶𝐶𝐶1 = 44.6644.66 + 47.616 = 0.484 
 
 Likewise, the closeness coefficients for two supply chain situations are computed and 
shown in Table 4.6. Using equation (5.18), the performances of two supply chains are 
calculated as 48.40% and 50.81% which is shown in Table 5.5. Values show that the 
performance for lean supply chain is better than non- lean situation for Motion Pant supply 
chain. These percentage values show the average values of nineteen appropriate metrics for 
Motion Pant supply chain which are the overall performances in non- lean and lean situations 
for this product. Considering nineteen metric values and two different supply chain situations, 
these performances reflect the positions of the supply chains in the market. Comparing 
competitive strategies with supply chain performances, several experiments have conducted 
and will be discussed in next section. 
 
5.2.1 Impact of competitive strategy on supply chain performance (Motion Pant) 
 
To investigate the effects of competitive strategies over two supply chain situations, several 
experiments are conducted here. A series of experiments to identify competitive strategies is 
applied for the proposed performance evaluation approach and about 20 experiments are 
examined. All the experiments are shown in Table 5.6. In first five experiments, weights for 
cost categories are set highest compare to other categories- time, quality and flexibility. For 
example, in first experiment, the competitive strategies are very high, medium, low and very 
low for cost, time, quality and flexibility categories.  
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   Table 5.6 
    Competitive analysis for supply chain performances for Motion Pant 
Supply 
Chain 
Strategy 
Exp. 
No. 
Competitive Strategy 
Supply chain 
Performance (%) 
Non-
Lean 
Situation 
(i=1) 
Lean 
Situation 
(i=2) 
Cost 
Competitiv
e 
1 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 48.40 50.81 
2 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 46.19 48.09 
3 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 48.44 48.70 
4 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 45.14 45.54 
5 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 45.99 47.84 
Time 
Competitiv
e 
6 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(3, 5, 7) 40.28 49.65 
7 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 41.48 47.63 
8 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 41.24 46.00 
9 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 45.38 47.08 
10 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 46.04 49.28 
Quality 
Competitiv
e 
11 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 45.77 50.99 
12 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 41.16 48.21 
13 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 39.04 48.18 
14 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 38.7 46.08 
15 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 44.26 47.08 
Flexibility 
Competitiv
e 
16 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(7, 9, 9) 42.65 47.78 
17 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(5, 7, 9) 46.86 47.53 
18 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(7, 9, 9) 41.49 43.55 
19 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(5, 7, 9) 41.13 43.12 
20 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(3, 5, 7) 45.09 47.10 
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Non- Lean Supply Chain performance 
Lean Supply Chain performance 
 
 
Figure 5.4: Supply chain performances in different competitive strategies for 
high volume, high price product (Motion Pant) 
 
Similarly, for the next four experiments, cost category is set for highest priority. 
Likewise, all the other experiments are conducted for time, quality and flexibility priority and 
shown in Table 5.6. The objective is to analyse which competitive strategy is mostly effective 
for lean supply chain. It can be seen from Table 5.6 and Figure 5.4 that, lean performances 
are better in all the experiments. Lean supply chain shows best performances (50.99% and 
50.81%) in experiments no. 11 and 01 where quality and cost are prioritize for supply chain 
strategy. The analysis also shows that the performances for lean supply chain compare to 
non- lean situation are significantly better in time and quality competitive strategies than cost 
and flexibility. An effective conclusion can be drawn from this analysis is that lean 
performance evaluation model for “Motion Pant” supply chain is more effective in time and 
quality competitive strategy. For other two different apparel products, the effects of 
competitive strategies over supply chain performances will be discussed in the following 
sections. 
 166 
 
5.3 Case 2 (Broad Peak Inner Jacket) 
 
The objective to select this product is to analyse supply chain performance for low volume 
but high price product. The significance to study the second product is to identify the 
relations among supply chain performance with competitive strategies for high price product. 
Like previous case, all the metric values which recorded and analysed in previous chapter are 
mentioned in Table 5.7. The order quantity is very low and values are calculated only for the 
month of August, 2011.   
Table 5.7  
Performance metric values in two supply chain situations- before and after lean 
implementation for Broad Peak Inner Jacket 
Performance 
Metrics 
Metric Values 
Before Lean Implementation (i=1) After Lean Implementation (i=2) 
August-2011 August-2011 
Day-
10 
Day-
11 
Day-
13 
Day-
14 
Day-
16 
Day-
17 
Day-
18 
Day-
22 
Day-
23 
Day-
24 
Day-
25 
Day-
27 
Day-
28 
Day-
29 
𝑥𝑥𝑖𝑖11  592.27 592.32 592.3 592.39 592.37 592.4 592.37 592.47 592.53 592.56 592.58 592.61 592.6 592.62 
𝑥𝑥𝑖𝑖12  11.89 25.57 29.72 27.82 29.4 14.6 38.9 53.12 27.54 56.23 63.61 30.22 22.59 42.3 
𝑥𝑥𝑖𝑖13  42.37 76.92 92.31 83.33 80.46 40.23 102.15 56.88 59.63 70.41 73.15 76 64.71 31.03 
𝑥𝑥𝑖𝑖14  94.68 94.63 94.65 94.57 94.59 94.56 94.59 94.5 94.44 94.4 94.39 94.37 94.38 94.36 
𝑥𝑥𝑖𝑖15  94.9 94.85 94.87 94.78 94.81 94.77 94.81 94.71 94.65 94.61 94.6 94.58 94.59 94.57 
𝑥𝑥𝑖𝑖16  0.218 0.2166 0.2174 0.2148 0.215 0.2142 0.2152 0.2122 0.2106 0.2096 0.209 0.2084 0.2086 0.208 
𝑥𝑥𝑖𝑖17  4.189 4.187 4.188 4.184 4.185 4.184 4.185 4.181 4.179 4.178 4.177 4.176 4.176 4.175 
𝑥𝑥𝑖𝑖18  104.73 104.68 104.7 104.61 104.63 104.6 104.63 104.53 104.47 104.44 104.42 104.39 104.4 104.38 
𝑥𝑥𝑖𝑖19 Low (1, 3, 5) Medium (3, 5, 7) 
𝑥𝑥𝑖𝑖21  53.98 53.03 53.11 51.62 53.7 54.35 52.88 52.63 53.39 52.93 52.47 51.44 53.24 56.45 
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𝑥𝑥𝑖𝑖22  45.3 45.25 45 44.6 45.8 46.3 45.2 45.2 46.1 45.7 45.1 44.2 45.2 45.8 
𝑥𝑥𝑖𝑖23  109 108.3 108.7 107.4 107.5 107.1 107.6 106.1 105.3 104.8 104.5 104.2 104.3 104 
𝑥𝑥𝑖𝑖24  7.2 7.11 7.53 6.4 7.32 6.89 7.24 7.11 6.67 6.93 7.11 6.7 7.31 7.11 
𝑥𝑥𝑖𝑖31  Medium (3, 5, 7) Medium (3, 5, 7) 
𝑥𝑥𝑖𝑖32  Very low (1, 1, 3) Low (1, 3, 5) 
𝑥𝑥𝑖𝑖33  93 94 98 98 100 100 98 100 100 91 96 98 93 100 
𝑥𝑥𝑖𝑖34  High (5, 7, 9) High (5, 7, 9) 
𝑥𝑥𝑖𝑖41  100 100 83 94 100 90 96 90 92 100 96 90 100 100 
𝑥𝑥𝑖𝑖42  Medium (3, 5, 7) Medium (3, 5, 7) 
 
 Using equations (5.1) to (5.6), quantitative values are converted in triangular fuzzy 
numbers and mentioned in fourth and fifth columns in Table 5.8 for two situations: before 
and after lean. To convert into normalized triangular fuzzy values, equations (5.9) (5.10) are 
used and mentioned in Table 5.8.   
Table 5.8 
Triangular fuzzy numbers, Normalized fuzzy values for supply chain situations for 
Broad Peak Inner Jacket 
   Triangular Fuzzy Number (𝑭𝑭𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒓𝒓) 
Normalized Fuzzy Value 
(𝑵𝑵𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒓𝒓) 
Performance 
Categories 
Competitive 
Strategy 
(𝑊𝑊𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛u ) 
Performance 
Metrics 
Non- Lean Situation 
(i=1) 
Lean Situation 
(i=2) 
Non- Lean 
Situation (i=1) 
Lean Situation 
(i=2) 
Cost Very High 
(7, 9, 9) 
𝑥𝑥𝑖𝑖11 (592.31, 592.35, 592.4) (592.45, 592.59, 592.72) (0.9993, 0.9994, 0.9995) (0.9995, 0.9998, 1.000) 
𝑥𝑥𝑖𝑖12 (9.76, 24.88, 40) (28.17, 41, 53.83) (0.1813, 0.462, 0.7431) (0.5233, 0.76, 1.00) 
𝑥𝑥𝑖𝑖13 (32.84, 74.27, 115.7) (21.17, 65.98, 110.78) (0.2838, 0.642, 1.00) (0.183, 0.57, 0.96) 
𝑥𝑥𝑖𝑖14 (94.37, 94.61, 94.85) (94.32, 94.39, 94.46) (0.9944, 0.997, 0.9995) (0.9985, 0.999, 1.000) 
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𝑥𝑥𝑖𝑖15 (94.81, 94.82, 94.83) (94.53, 94.6, 94.65) (0.9968, 0.9969, 0.997) (0.9987, 0.999, 1.000) 
𝑥𝑥𝑖𝑖16 (0.2151, 0.2158, 0.216) (0.207, 0.2089, 0.2109) (0.9566, 0.959, 0.9623) (0.9815, 0.991, 1.000) 
𝑥𝑥𝑖𝑖17 (4.185, 4.186, 4.187) (4.174, 4.177, 4.179) (0.9969, 0.997, 0.9974) (0.9988, 0.999, 1.000) 
𝑥𝑥𝑖𝑖18 (104.62, 104.65, 104.68) (104.35, 104.41, 104.48) (0.9968, 0.997, 0.9974) (0.9988, 0.999, 1.000) 
𝑥𝑥𝑖𝑖19 (1, 3, 5) (3, 5, 7) (0.2, 0.333, 1.00) (0.1429, 0.2, 0.33) 
Time 
Medium 
 (3, 5, 7) 
𝑥𝑥𝑖𝑖21 (51.14, 51.44, 51.74) (52.18, 52.88, 53.58) (0.9884, 0.994, 1.00) (0.9545, 0.967, 0.98) 
𝑥𝑥𝑖𝑖22 (45.24, 45.28, 45.31) (43.74, 45.45, 47.16) (0.9653, 0.966, 0.967) (0.9275, 0.962, 1.000) 
𝑥𝑥𝑖𝑖23 (106.7, 107.6, 108.6) (103.5, 104.5, 105.5) (0.953, 0.962, 0.97) (0.981, 0.99, 1.000) 
𝑥𝑥𝑖𝑖24 (6.22, 7.20, 8.18) (6.51, 6.98, 7.45) (0.7604, 0.864, 1.00) (0.8349, 0.891, 0.96) 
Quality 
Low  
(1, 3, 5) 
𝑥𝑥𝑖𝑖31 (3, 5, 7) (3, 5, 7) (0.4286, 0.714, 1.000) (0.4286, 0.714, 1.000) 
𝑥𝑥𝑖𝑖32 (1, 1, 3) (1, 3, 5) (0.2, 0.2, 0.6) (0.2, 0.6, 1.0) 
𝑥𝑥𝑖𝑖33 (92, 98, 103) (91, 98, 105) (0.8762, 0.933, 0.981) (0.8667, 0.933, 1.000) 
𝑥𝑥𝑖𝑖34 (5, 7, 9) (5, 7, 9) (0.5556, 0.778, 1.000) (0.556, 0.778, 1.000) 
Flexibility Very Low 
(1, 1, 3) 
𝑥𝑥𝑖𝑖41 (77, 97, 116) (89, 96, 102) (0.6638, 0.836, 1.000) (0.7672, 0.828, 0.88) 
𝑥𝑥𝑖𝑖42 (3, 5, 7) (3, 5, 7) (0.4286, 0.714, 1.000) (0.4286, 0.714, 1.000) 
 
After that, the weighted supply chain situations for performance metrics are calculated 
using equation (5.12). Different competitive strategies are used to calculate weighted supply 
chain situations and showed in Table 5.9. Then, the fuzzy negative ideal solutions (FNIS) and 
the fuzzy positive ideal solutions (FPIS) are computed by using equations (5.13) to (5.14). 
Using equations (5.15) to (5.16), distances of supply chain situations from FNIS and FPIS are 
calculated and shown in last four columns of Table 5.9.  
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            Table 5.9 
 Weighted normalized supply chain situations, FNIS; FPIS for Broad Peak Inner   
Jacket  
 Weighted Supply Chain Situations (𝑽𝑽𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒗𝒗) 
Ideal 
Solutions 
Distance From 
FNIS (𝑫𝑫𝒌𝒌𝒕𝒕
− ) 
Distance From 
FPIS (𝑫𝑫𝒌𝒌𝒕𝒕
∗ ) 
Perfo
rman
ce 
Metri
cs 
Non- Lean Situation 
(i=1) 
Lean Situation  
(i=2) 
FNIS 
(𝑺𝑺𝒌𝒌𝒕𝒕
− ) 
FPIS 
(𝑺𝑺𝒌𝒌𝒕𝒕
∗ ) 
Non- 
Lean 
(i=1) 
Lean 
(i=2) Non- 
Lean 
(i=1) 
Lean 
(i=2) 
𝑥𝑥𝑖𝑖11 (6.995, 8.994, 8.995) (6.997, 8.998, 9.000) 7.00 9.00 1.633 1.636 1.158 1.157 
𝑥𝑥𝑖𝑖12 (1.269, 4.16, 6.688) (3.663, 6.855, 9.000) 1.269 9.00 3.546 5.677 5.433 3.321 
𝑥𝑥𝑖𝑖13 (1.987, 5.777, 9.000) (1.281, 5.132, 8.62) 1.281 9.00 5.174 4.784 4.456 4.99 
𝑥𝑥𝑖𝑖14 (6.961, 8.972, 8.995) (6.99, 8.993, 9.000) 6.961 9.00 1.652 1.662 1.177 1.611 
𝑥𝑥𝑖𝑖15 (6.978, 8.972, 8.973) (6.991, 8.993, 9.000) 6.978 9.00 1.629 1.648 1.168 1.160 
𝑥𝑥𝑖𝑖16 (6.696, 8.633, 8.661) (6.871, 8.92, 9.000) 6.696 9.00 1.593 1.851 1.361 1.230 
𝑥𝑥𝑖𝑖17 (6.978, 8.974, 8.976) (6.992, 8.994, 9.000) 6.978 9.00 1.631 1.648 1.167 1.160 
𝑥𝑥𝑖𝑖18 (6.978, 8.974, 8.977) (6.991, 8.994, 9.000) 6.978 9.00 1.631 1.649 1.168 1.160 
𝑥𝑥𝑖𝑖19 (1.4, 3.000, 9.000) (1.000, 1.8, 9.000) 1.000 9.00 4.767 1.244 5.590 7.114 
𝑥𝑥𝑖𝑖21 (2.965, 4.971, 7.000) (2.863, 4.836, 6.86) 2.863 7.00 2.681 2.573 2.607 2.697 
𝑥𝑥𝑖𝑖22 (2.896, 4.83, 6.768) (2.782, 4.812, 7.000) 2.782 7.00 2.588 2.702 2.684 2.743 
𝑥𝑥𝑖𝑖23 (2.859, 4.809, 6.79) (2.943, 4.952, 7.000) 2.859 7.00 2.534 2.679 2.707 2.624 
𝑥𝑥𝑖𝑖24 (2.281, 4.319, 7.000) (2.505, 4.456, 6.69) 2.281 7.00 2.968 2.84 3.133 2.988 
𝑥𝑥𝑖𝑖31 (0.429, 2.143, 5.000) (0.429, 2.143, 5.000) 0.429 5.00 2.819 2.819 3.122 3.122 
𝑥𝑥𝑖𝑖32 (0.2, 0.6, 3.00) (0.2, 1.8, 5.00) 0.2 5.00 1.633 2.921 3.933 3.331 
𝑥𝑥𝑖𝑖33 (0.876, 2.8, 4.905) (0.867, 2.8, 5.00) 0.867 5.00 2.585 2.635 2.699 2.703 
𝑥𝑥𝑖𝑖34 (0.556, 2.333, 5.000) (0.556, 2.333, 5.000) 0.556 5.00 2.764 2.764 2.992 2.992 
𝑥𝑥𝑖𝑖41 (0.664, 0.836, 3.000) (0.767, 0.828, 2.64) 0.664 3.00 1.352 1.145 1.838 1.811 
𝑥𝑥𝑖𝑖42 (0.429, 0.714, 3.000) (0.429, 0.714, 3.000) 0.429 3.00 1.494 1.494 1.986 1.986 
 
The aggregate values of distances for two supply chain situations are then computed 
and shown in Table 5.10. Then, the closeness coefficients (𝐶𝐶𝐶𝐶𝑖𝑖𝑚𝑚 ) for supply chain situations 
with the fuzzy positive ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
∗ ) and fuzzy negative ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
− ) are 
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computed using equation (5.17). Finally, performances for non- lean and lean supply chains 
are measured.   
Table 5.10 
Closeness coefficients and performances for supply chain 
situations for Broad Peak Inner Jacket 
 
Supply Chain Situations 
Non-Lean 
Situation (i=1) 
Lean Situation  
(i=2) 
Distance 
From FNIS 
(𝑫𝑫𝒌𝒌𝒕𝒕
− ) 
46.671 46.372 
Distance 
From FPIS 
(𝑫𝑫𝒌𝒌𝒕𝒕
∗ ) 
50.371 49.439 
Closeness 
Coefficient 
( 𝑪𝑪𝑪𝑪𝒊𝒊𝒎𝒎) 0.4809 0.484 
Performance 
(𝑷𝑷𝒊𝒊𝒎𝒎) % 
48.09 48.40 
 
 The overall performance for twenty appropriate metrics of lean supply chain is 
marginally better than non- lean supply chain. To investigate the effects of different 
competitive strategies over lean performance and to measure cost, time, quality and flexibility 
competitive performances for lean supply chain, a series of twenty tests are conducted and 
discussed in following section. 
 
5.3.1 Impact of competitive strategy on supply chain performance (Broad Peak Inner 
Jacket) 
 
The objective of this analysis is to identify the most suitable competitive strategy for lean 
supply chain. Cost, time, quality and flexibility are set with highest priorities in five 
experiments each and a total of twenty experiments are shown in Table 5.11. 
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Table 5.11 
Competitive strategy analysis for supply chain performances for Broad Peak 
Inner Jacket 
Supply 
Chain 
Strategy 
Exp. 
No. 
Competitive Strategy 
Supply Chain 
Performance (%) 
Non-
Lean 
Situation 
(i=1) 
Lean 
Situation 
(i=2) 
Cost 
Competitiv
e 
1 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 48.09 48.4 
2 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 46.44 46.5 
3 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 46.52 46.19 
4 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 44.78 44.25 
5 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 44.42 46.45 
Time 
Competitiv
e 
6 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(3, 5, 7) 46.9 46.52 
7 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 44.57 45.67 
8 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 44.15 44.34 
9 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 47.29 47.54 
10 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 46.18 45.99 
Quality 
Competitiv
e 
11 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 46.83 47.78 
12 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 44.3 45.83 
13 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 42.33 44.62 
14 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 41.79 43.67 
15 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 45.49 46.17 
Flexibility 
Competitiv
e 
16 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(7, 9, 9) 45.16 46.24 
17 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(5, 7, 9) 46.71 46.28 
18 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(7, 9, 9) 42.85 42.79 
19 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(5, 7, 9) 42.38 42.2 
20 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(3, 5, 7) 45.86 46.04 
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Non- Lean Supply Chain performance 
Lean Supply Chain performance 
 
Figure 5.5: Supply chain performances in different competitive strategies for low 
volume, high price product (Broad Peak Inner Jacket) 
 
It can be seen from Table 5.11 and Figure 5.5 that, lean supply chain shows best 
performances (48.4% and 47.78%) in experiments no. 1 and 11 where cost and quality are 
prioritize for supply chain strategy. Compare to previous product, the average performance of 
supply chain decreased for non- lean and lean situations. The analysis also shows that the 
performances for lean supply chain compare to non- lean situation are significantly better in 
quality competitive strategies only where the performances in other situations remain almost 
similar. Finally a conclusion can be drawn from this analysis that lean performance 
evaluation model for “Broad Peak Inner Jacket” supply chain is mostly effective in quality 
competitive strategy where remains almost similar in other cases. Another high volume and 
low price product will be discussed in the following sections. 
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5.4 Case 3 (Classic Fresher Pant) 
 
Unlike other two products, the price and production time for this product is very low. Due to 
large quantity of orders, Sigma Company is able to apply different lean tools and techniques. 
To investigate the supply chain performance in different competitive strategies, this high 
volume, low price product is chosen and analysed. Metric values are shown in Table 5.12. 
During March- April, 2011, the values for non- lean situations are measured where at the end 
of the same year; values for similar metrics are measured after implemented lean tools.  
Table 5.12  
Performance metric values in two supply chain situations- before and after lean 
implementation for Classic Fresher Pant 
Performance 
Metrics 
Metric Values 
Before Lean Implementation (i=1) After Lean Implementation (i=2) 
March-2011 April-2011 November-2011 December-2011 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
Week-
01 
Week-
02 
Week-
03 
Week-
04 
Week-
01 
Week-
02 
Week-
03 
𝑥𝑥𝑖𝑖11  41.97 41.96 42 42.05 42.01 42.05 42.03 42.07 42.08 42.10 42.12 42.12 42.13 42.16 
𝑥𝑥𝑖𝑖12  52.55 50.85 96.44 108.91 77.79 31.99 71.79 68.85 45.99 40.35 53.87 93.39 70.20 83.96 
𝑥𝑥𝑖𝑖13  83.33 73.53 58.07 75.68 74.61 52.92 59.41 56.14 75.51 82.32 85.92 90.14 114.29 88.41 
𝑥𝑥𝑖𝑖14  12.34 12.35 12.31 12.26 12.3 12.27 12.28 12.25 12.23 12.22 12.2 12.2 12.2 12.16 
𝑥𝑥𝑖𝑖15  12.41 12.42 12.38 12.33 12.37 12.34 12.35 12.31 12.37 12.35 12.27 12.33 12.26 12.33 
𝑥𝑥𝑖𝑖16  0.071 0.071 0.07 0.068 0.069 0.068 0.069 0.067 0.132 0.132 0.065 0.13 0.065 0.064 
𝑥𝑥𝑖𝑖17  7818 7823 7798 7768 7793 7772 7781 7759 7750 7742 7729 7730 7725 7704 
𝑥𝑥𝑖𝑖18  13.03 13.038 12.996 12.947 12.989 12.954 12.968 12.931 12.917 12.903 12.882 12.883 12.875 12.84 
𝑥𝑥𝑖𝑖19 Low (1, 3, 5) Medium (3, 5, 7) 
𝑥𝑥𝑖𝑖21  128.98 130.86 119.43 117.12 121.01 142.05 124.42 120.45 126.23 129.12 123.77 118.17 118.46 117.18 
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𝑥𝑥𝑖𝑖22  35.4 35 34.2 34.1 35.3 34.8 35.2 35.2 35.6 34.6 34.2 35.2 34.1 34.6 
𝑥𝑥𝑖𝑖23  35.29 35.4 34.8 34.1 34.7 34.2 34.4 33.3 33.1 32.9 32.6 32.62 32.5 32 
𝑥𝑥𝑖𝑖24  73 73.2 73.1 72.5 72.8 73.5 74.1 73.8 73.2 74.3 74.2 74.1 72.6 72.4 
𝑥𝑥𝑖𝑖31  Medium (3, 5, 7) High (5, 7, 9) 
𝑥𝑥𝑖𝑖32  Low (1, 3, 5) High (5, 7, 9) 
𝑥𝑥𝑖𝑖33  80 100 88 76 100 90 84 84 100 100 84 80 100 94 
𝑥𝑥𝑖𝑖34  High (5, 7, 9) Medium (3, 5, 7) 
𝑥𝑥𝑖𝑖41  76 78 87 75 100 71 100 94 68 75 89 78 88 100 
𝑥𝑥𝑖𝑖42  Medium (3, 5, 7) Very High (7, 9, 9) 
 
 Quantitative values are converted to triangular fuzzy numbers using equations (5.1) to 
(5.6) and mentioned in fourth and fifth columns in Table 5.13. Using Table 4.4, linguistic 
terms of qualitative metrics are converted into fuzzy numbers. Using equations (5.9) to 
(5.10), triangular fuzzy numbers are converted into normalized fuzzy values. All of these 
values are also shown in Table 5.13. 
 
Table 5.13 
Triangular fuzzy numbers, Normalized fuzzy values for supply chain situations for 
Classic Fresher pant 
   Triangular Fuzzy Number (𝑭𝑭𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒓𝒓) 
Normalized Fuzzy Value 
(𝑵𝑵𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒓𝒓) 
Performance 
Categories 
Competitive 
Strategy 
(𝑊𝑊𝑖𝑖𝑚𝑚 𝑗𝑗𝑛𝑛u ) 
Performance 
Metrics 
Non- Lean Situation 
(i=1) 
Lean Situation (i=2) 
Non- Lean 
Situation 
(i=1) 
Lean 
Situation 
(i=2) 
Cost Medium (3, 
5, 7) 
𝑥𝑥𝑖𝑖11 (41.96, 42.01, 42.07) (42.08, 42.11, 42.14) (0.996, 0.997, 
0.9983) 
(0.9986, 
0.9993, 1.00) 
𝑥𝑥𝑖𝑖12 (44.65, 70.99, 97.33) (51.72, 63.01, 74.3) (0.459, 0.729, 1.00) (0.5314, 0.65, 0.76) 
𝑥𝑥𝑖𝑖13 (56.53, 68.06, 79.59) (75.02, 83.97, 92.91) (0.608, 0.733, 0.86) (0.8074, 0.904, 1.00) 
𝑥𝑥𝑖𝑖14 (12.286, 12.298, 12.31) (12.14, 12.212, 12.284) (0.986, 
0.987, 
(0.9883, 
0.994, 1.00) 
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0.9881) 
𝑥𝑥𝑖𝑖15 (12.356, 12.368, 12.38) (12.27, 12.311, 12.352) (0.991, 0.992, 0.993) (0.9934, 0.997, 1.00) 
𝑥𝑥𝑖𝑖16 (0.041, 0.069, 0.098) (0.06, 0.093, 0.126) (0.418, 0.594, 1.00) (0.3254, 0.441, 0.68) 
𝑥𝑥𝑖𝑖17 (7785, 7792, 7799) (7735, 7760, 7784) (0.992, 0.993, 
0.9936) 
(0.9937, 
0.997, 1.00) 
𝑥𝑥𝑖𝑖18 (12.976, 12.987, 12.997) (12.832, 12.896, 12.96) 
(0.987, 
0.988, 
0.9889) 
(0.9901, 
0.995, 1.00) 
𝑥𝑥𝑖𝑖19 (1, 3, 5) (3, 5, 7) (0.2, 0.333, 1.00) (0.1429, 0.2, 0.33) 
Time 
Low 
 (1, 3, 5) 
𝑥𝑥𝑖𝑖21 (115.07, 123.61, 132.14) (120.44, 120.47, 120.49) (0.871, 0.931, 1.00) 
(0.955, 
0.9552, 
0.9554) 
𝑥𝑥𝑖𝑖22 (34.1, 34.9, 35.7) (34.5, 34.7, 34.9) (0.955, 0.977, 1.00) (0.9771, 0.983, 0.99) 
𝑥𝑥𝑖𝑖23 (34.52, 34.67, 34.82) (31.84, 32.8, 33.76) (0.914, 0.918, 
0.9244) 
(0.9431, 
0.971, 1.00) 
𝑥𝑥𝑖𝑖24 (72.5, 73, 73.6) (72.2, 73.6, 75) (0.981, 0.989, 
0.9959) 
(0.9627, 
0.981, 1.000) 
Quality Very Low 
(1, 1, 3) 
𝑥𝑥𝑖𝑖31 (3, 5, 7) (5, 7, 9) (0.333, 0.556, 
0.7778) 
(0.5556, 
0.778, 1.00) 
𝑥𝑥𝑖𝑖32 (1, 3, 5) (5, 7, 9) (0.111, 0.333, 
0.5556) 
(0.5556, 
0.778, 1.00) 
𝑥𝑥𝑖𝑖33 (87, 89, 90) (80, 92, 105) (0.829, 0.848, 
0.8571) 
(0.7619, 
0.876, 1.00) 
𝑥𝑥𝑖𝑖34 (5, 7, 9) (3, 5, 7) (0.556, 0.778, 1.00) (0.333, 0.556, 0.78) 
Flexibility High (5, 7, 
9) 
𝑥𝑥𝑖𝑖41 (79, 84, 88) (77, 85, 94) (0.84, 0.894, 0.9362) (0.8191, 0.904, 1.00) 
𝑥𝑥𝑖𝑖42 (3, 5, 7) (7, 9, 9) (0.333, 0.556, 0.78) (0.7778, 1.00, 1.00) 
 
 After that, the weighted supply chain situations for performance metrics are calculated 
using equation (5.12). Different competitive strategies are used to calculate weighted supply 
chain situations and showed in Table 5.14. Using equations (5.13) to (5.14), fuzzy negative 
 176 
 
ideal solutions (FNIS) and the fuzzy positive ideal solutions (FPIS) are computed. Distances 
of supply chain situations from FNIS and FPIS are calculated and shown in last four columns 
of Table 5.14. 
 
Table 5.14 
         Weighted normalized supply chain situations, FNIS; FPIS for Classic Fresher 
Pant 
 Weighted Supply Chain Situations (𝑽𝑽𝒊𝒊𝒎𝒎𝒋𝒋𝒏𝒏𝒌𝒌𝒕𝒕𝒗𝒗) 
Ideal 
Solutions 
Distance From 
FNIS (𝑫𝑫𝒌𝒌𝒕𝒕
− ) 
Distance From 
FPIS (𝑫𝑫𝒌𝒌𝒕𝒕
∗ ) 
Perfo
rman
ce 
Metri
cs 
Non- Lean Situation 
(i=1) 
Lean Situation  
(i=2) 
FNIS 
(𝑺𝑺𝒌𝒌𝒕𝒕
− ) 
FPIS 
(𝑺𝑺𝒌𝒌𝒕𝒕
∗ ) 
Non- 
Lean 
(i=1) 
Lean 
(i=2) Non- 
Lean 
(i=1) 
Lean 
(i=2) 
𝑥𝑥𝑖𝑖11 (2.987, 4.985, 6.988) (2.996, 4.996, 7.000) 2.987 7.00 2.582 2.591 2.593 2.585 
𝑥𝑥𝑖𝑖12 (1.376, 3.647, 7.000) (1.594, 3.237, 5.34) 1.376 7.00 3.502 2.533 3.780 3.921 
𝑥𝑥𝑖𝑖13 (1.825, 3.663, 5.996) (2.422, 4.5189, 7.00) 1.825 7.00 2.631 3.386 3.602 3.006 
𝑥𝑥𝑖𝑖14 (2.959, 4.936, 6.917) (2.965, 4.9705, 7.00) 2.959 7.00 2.555 2.606 2.621 2.608 
𝑥𝑥𝑖𝑖15 (2.973, 4.96, 6.951) (2.98, 4.983, 7.00) 2.973 7.00 2.567 2.598 2.606 2.597 
𝑥𝑥𝑖𝑖16 (1.255, 2.971, 7.000) (0.976, 2.2043, 4.78) 0.976 7.00 3.667 2.31 4.051 4.626 
𝑥𝑥𝑖𝑖17 (2.975, 4.963, 6.955) (2.981, 4.984, 7.000) 2.975 7.00 2.568 2.597 2.604 2.596 
𝑥𝑥𝑖𝑖18 (2.962, 4.94, 6.922) (2.97, 4.975, 7.000) 2.962 7.00 2.556 2.605 2.618 2.604 
𝑥𝑥𝑖𝑖19 (0.6, 1.667, 7.000) (0.429, 1.000, 2.33) 0.429 7.00 3.862 1.148 4.81 5.801 
𝑥𝑥𝑖𝑖21 (0.871, 2.793, 5.000) (0.955, 2.866, 4.78) 0.871 5.00 2.63 2.533 2.703 2.644 
𝑥𝑥𝑖𝑖22 (0.955, 2.931, 5.000) (0.977, 2.948, 4.94) 0.955 5.00 2.599 2.573 2.623 2.608 
𝑥𝑥𝑖𝑖23 (0.914, 2.755, 4.612) (0.943, 2.912, 5.000) 0.914 5.00 2.385 2.626 2.701 2.634 
𝑥𝑥𝑖𝑖24 (0.981, 2.967, 4.979) (0.963, 2.943, 5.000) 0.963 5.00 2.592 2.596 2.6 2.616 
𝑥𝑥𝑖𝑖31 (0.333, 0.556, 2.333) (0.566, 0.778, 3.000) 0.333 3.00 1.162 1.566 2.124 1.907 
𝑥𝑥𝑖𝑖32 (0.111, 0.333, 1.667) (0.556, 0.778, 3.000) 0.111 3.00 0.907 1.731 2.397 1.907 
𝑥𝑥𝑖𝑖33 (0.829, 0.848, 2.571) (0.762, 0.876, 3.000) 0.762 3.00 1.047 1.294 1.782 1.781 
𝑥𝑥𝑖𝑖34 (0.556, 0.778, 3.000) (0.333, 0.556, 2.33) 0.333 3.00 1.566 1.162 1.907 2.124 
𝑥𝑥𝑖𝑖41 (4.202, 6.255, 8.426) (4.096, 6.33, 9.000) 4.096 9.00 2.794 3.111 3.208 3.224 
𝑥𝑥𝑖𝑖42 (1.667, 3.889, 7.000) (3.889, 7.000, 9.000) 1.667 9.00 3.336 5.39 5.288 3.169 
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 Then the aggregate values of FNIS and FPIS, closeness coefficients (𝐶𝐶𝐶𝐶𝑖𝑖𝑚𝑚 ) for supply 
chain situations with the fuzzy positive ideal solutions (𝑆𝑆𝑘𝑘𝑡𝑡
∗ ) and fuzzy negative ideal 
solutions (𝑆𝑆𝑘𝑘𝑡𝑡
− ) are computed and shown in Table 5.15. Finally, performances for non- lean 
and lean supply chains are measured. 
Table 5.15 
Closeness coefficients and performance for supply chain 
situations for Classic Fresher Pant 
 
Supply chain situations 
Non-Lean 
Situation (i=1) 
Lean Situation  
(i=2) 
Distance 
From FNIS 
(𝑫𝑫𝒌𝒌𝒕𝒕
− ) 
47.507 46.957 
Distance 
From FPIS 
(𝑫𝑫𝒌𝒌𝒕𝒕
∗ ) 
56.619 54.958 
Closeness 
Coefficient 
( 𝑪𝑪𝑪𝑪𝒊𝒊𝒎𝒎) 0.4562 0.46075 
Performance 
(𝑷𝑷𝒊𝒊𝒎𝒎) % 
45.62 46.07 
 
 Result shows that overall performance for lean supply chain is better than non- lean 
supply chain. To investigate the performances in all four strategies, a sensitivity analysis is 
conducted and will be discussed in next section. 
5.4.1 Impact of competitive strategy on supply chain performance (Classic Fresher Pant) 
 
Like other two examples, this analysis is also conducted to identify the most suitable 
competitive strategy for lean supply chain for high volume but low cost product. Cost, time, 
quality and flexibility are set with highest priorities in five experiments each and a total of 
twenty experiments are shown in Table 5.16. 
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Table 5.16 
Competitive strategy analysis for supply chain performances for Classic Fresher 
Pant 
Supply 
chain 
Strategy 
Exp. 
No. 
Competitive Strategy 
Supply Chain 
Performance (%) 
Non-
Lean 
Situation 
(i=1) 
Lean 
Situation 
(i=2) 
Cost 
Competitiv
e 
1 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 47.33 45.96 
2 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 45.8 44.58 
3 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 45.97 43.09 
4 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 44.36 41.93 
5 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 45.83 44.5 
Time 
Competitiv
e 
6 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(3, 5, 7) 46.3 44.42 
7 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 43.26 45.96 
8 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 42.91 43.9 
9 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 46.39 46.06 
10 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 45.59 45.11 
Quality 
Competitiv
e 
11 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 46.37 47.46 
12 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 43.14 46.51 
13 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(7, 9, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 41.84 45.92 
14 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(5, 7, 9); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 1, 3) 40.81 44.05 
15 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(1, 3, 5) 44.52 45.83 
Flexibility 
Competitiv
e 
16 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(7, 9, 9) 43.39 47.94 
17 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(3, 5, 7); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(5, 7, 9) 45.62 46.07 
18 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(7, 9, 9) 40.76 44.61 
19 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(5, 7, 9) 40.44 43.36 
20 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗1=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗2 =(1, 1, 3); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗3=(1, 3, 5); 𝑤𝑤𝑖𝑖𝑚𝑚 𝑗𝑗4 =(3, 5, 7) 44.6 45.76 
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Non- Lean Supply Chain performance 
Lean Supply Chain performance 
 
Figure 5.6: Supply chain performances in different competitive strategies for high 
volume, low price product (Classic Fresher Pant) 
 
 Results show that, lean is not suitable for cost competitive strategies compare to other 
three strategies. The analysis also shows that the performances for lean supply chain compare 
to non- lean situation are significantly better in quality and flexibility competitive strategies. 
Comparing other products, this supply chain is more suitable for flexibility competitive 
strategy. Finally a conclusion can be drawn from this analysis that lean performance for 
“Broad Peak Inner Jacket” supply chain is mostly effective in flexibility competitive strategy. 
5.5 Overall Discussion 
 
This chapter discusses about the techniques of triangular fuzzy number generation from 
metric value and fuzzy TOPSIS method which is a special technique to measure changes and 
improvements in performance. Values of total nineteen metrics for three different products 
have been used in the proposed method to measure supply chain performance in two 
situations: before and after lean implementations. Metric values have been converted into 
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TFN using heuristic method by measuring fuzzy centre point and two boundary points by 
extrapolation. TOPSIS method is then uses TFN for performance metrics and identifies the 
overall performances for supply chains in two situations: before and after lean 
implementations. The overall performance for each of the product supply chain represents the 
average performance of the nineteen appropriate metrics, which is presented in percentage. 
This percentage value means the overall position of the corresponding supply chain in 
hundred-scale unit. High volume- high price product shows better performances for lean 
situation compare to non- lean in all four strategies. Almost similar performances for both 
non- lean and lean situations indicate that lean may not be suitable for low volume product. 
Finally in last case, high volume but low price product shows better lean performances in 
quality and flexibility competitive strategies while indicates unsatisfactory performance for 
cost strategy.  
  Fuzzy TOPSIS method can measure the improvements across appropriate metrics in 
different supply chain situations while this method can incorporate both qualitative and 
quantitative metrics. The effects of competitive strategies on supply chain performances are 
also examined and the result shows interesting findings on these relations between 
competitive strategies, product type and supply chain performance. The details of hypothesis 
testing, contributions and limitations will be discussed in next chapter.   
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Chapter 6 
Conclusion and Recommendations 
 
In today’s global environment, SCM has become a strategic imperative for organizations.  It 
has become clear that the supply chain needs to be optimized as an entire system and not in 
isolation. In order to achieve the strategic goal of fulfilling customer orders more quickly and 
efficiently than competitors do, a supply chain needs to be engaged in continuous 
improvement processes (Hanson et al., 2011). Lean supply chain is one of the modern 
techniques to improve process efficiency and effectiveness and can quickly support new 
market opportunities. Since the main focus of lean supply chain is to reduce costs by 
eliminating wastes and non- value adding activities from the processes; a supply chain needs 
to be mapped accurately to identify all activities. Moreover, to quantify the efficiency and 
effectiveness of supply chain, lean supply chain performance needs to be accurately 
measured. 
However, many firms fail to develop effective performance measures and the metrics 
needed to evaluate the effectiveness of improvement strategies. This thesis contributes to the 
knowledge by developing an integrated lean supply chain performance measurement method 
as well as investigating relationship of SCM performance with selection of lean tools and 
techniques, competitive strategy/ product type. A conceptual model was proposed to describe 
the relationships between product type, lean tool selection and supply chain performance (Fig 
2.13). In order to examine the relationship proposed, a series of hypotheses was developed. 
After collecting data for three cases from a clothing company, developed method was applied 
to evaluate performance. In this chapter, concluding remarks are presented with respect to the 
findings of this research. Discussion on hypothesis testing and the contributions to theory and 
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practice of the findings are also presented in this chapter. In addition, the limitations of the 
study and the future research opportunities are presented. 
6.1 Research Findings 
6.1.1 Development of lean supply chain (LSC) model 
 
One of the major contributions of this study is to develop a lean supply chain model 
incorporating appropriate performance metrics. Performance metrics and the effects of lean 
tools on metrics are included in the model according to the SCOR implementation 
framework. SCOR is the standard model in SCM by which supply chain performance metrics 
as well as best practices within supply chain can be included into the model and measure the 
performance of supply chain effectively. Performance metrics are classified and sub grouped 
according to five SCOR processes i.e., plan, source, make, delivery and return. The use of 
effective and relevant lean tools is also described and the effects of those tools on 
performance metrics are also included according to SCOR processes. So the selection of 
appropriate performance metrics and the effects of lean tools over these metrics are proposed 
according to SCOR implementation framework.  
Value stream mapping (VSM) is developed for three different supply chain products 
to map the value flow within supply chain departments. Value added and non- value added 
activities as well as the effects of lean tools on performance metrics are identified by VSM. 
Performance metric values for three supply chain products are recorded which is followed by 
the discussion of data formulation techniques for quantitative and qualitative metrics. Finally, 
LSC model is developed by including performance metrics and the effects of lean tools over 
metrics by which all the metrics considered across SCOR processes of supply chain into a 
single framework. 
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6.1.2 Fuzzy TOPSIS based performance evaluation model for lean supply chain (LSC) 
 
Major contribution of this study is to develop a mathematical model by which the impact of 
lean tools on supply chain performance can effectively be measured. A fuzzy TOPSIS based 
LSC performance evaluation method is proposed where quantitative and qualitative metrics 
are incorporated into a single performance measure. Different metric values which are 
collected from three different supply chain products are converted into triangular fuzzy 
numbers using heuristic approach. TOPSIS method is then used to measure performances in 
two situations: before and after lean implementations. By identifying the distance of each 
situation; TOPSIS finally identifies the performance of non- lean and lean situations.  
 By investigating the impact of competitive strategies on supply chain performances; 
this study also identifies the relationships between product type, lean tool selection and 
supply chain performance. Lean tool selection is vastly depends on product volume and price 
where lean has effects on supply chain performance. 
 
6.1.3 Testing the conceptual framework with empirical results 
 
The objective of this research was to evaluate the performance of lean supply chains and to 
investigate the relationships between competitive strategy and product type with the selection 
of lean tools and SCP. To understand how supply chains compete, it is necessary to 
understand the overall performance of the supply chain. Moreover, the competitive 
performance of a supply chain must be aligned with the market strategy and position of the 
product to the market.  
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The conceptual framework was tested by examining multiple cases within a company 
which, for the purposes of the thesis, was given the name of Sigma. The cases were chosen 
based on three different apparel products with different competitive strategies. The aim was 
to test the conceptual model in different supply chain situations. The first product, Motion 
Pant, had a longer production time and medium price. Since the product order was large, the 
manufacturing company was able to apply different lean tools and techniques for a period of 
time. In contrast, the second product, Broad Peak Inner Jacket, had a smaller order with a 
longer production time and higher price.  This product was selected to identify the effects of 
lean tools on a product with a higher price and produced in a small quantity. Finally, a low 
price product, Classic Fresher Pant, was selected and analysed. 
These three products, of course, have different supply chains, market strategies and 
performances. Lean tools influenced the entire supply chain processes (plan, source, make, 
deliver and return) of the three products. The values of appropriate metrics were measured for 
these processes and the changes in metric values after implementing different lean tools and 
techniques were measured. Moreover, four competitive strategies (cost, time, quality and 
flexibility) were also analysed by a fuzzy TOPSIS method to find out their effects on supply 
chain performance. The market position of different cost competitive products can also be 
studied by analysing these three supply chains.  
Results from Table 5.5, 5.10 and 5.15 show that different products have different 
performance outcomes. Since, these products have different competitive strategies; the 
performance outcomes of these supply chains have significant variations. For the first case, 
the Motion Pant, the performance of the lean supply chain was better in all competitive 
strategies (cost, time, quality and flexibility) compared to non-lean situation (Table 5.6). In 
case of the Broad Peak Inner Jacket, performance is almost equal in lean and non-lean 
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situations (Table 5.11). But the non-lean performance is in some sense better than the lean 
performance for the Fresher Pant (Table 5.16).  
The findings from Tables 5.6, 5.11 and 5.16 show the influence of product type on 
lean tool selection and eventually on supply chain performance. Maximum performance for 
the lean supply chain is 50.99% for the first supply chain case, the Motion Pant, where 
quality is mostly prioritized (Table 5.6). Performance of 49.65% in the time competitive lean 
supply chain is obtained for same product. Maximum performance (47.94%) for the 
flexibility lean competitive strategy is found in the third case, the Classic Fresher Pant (Table 
5.16). Since, performances of lean supply chains are found better than no- lean in those high 
volume products; it can be argued that lean tools deliver the most significant improvements in 
performance for products with higher volume.  
Interestingly, results show insignificant relationship between product price and lean 
tool selection. The Motion Pant and the Broad Peak Inner Jacket are higher priced products 
where as the Classic Fresher Pant is a relatively lower priced product. Performances of lean 
supply chains for both the high volume products are better than non- lean supply chain 
whereas marginal improvements were evident for low volume product. Likewise, lean tools 
also have an effect over the product type. In the case of the Broad Peak Inner Jacket, 
performance can be improved by enhancing quality and decreasing lead time in a lean 
situation (Figure 5.5). For the Motion Pant, a reduction in time and increase in quality was 
achieved by the introduction of lean tools. Figure 5.6 also suggests that quality and flexibility 
performance can be improved significantly by applying lean tools. These findings support the 
claim of that product type and lean tools selection have mutual effect on each other as well as 
supply chain performance. These relations have been shown in a modified relationship in 
Figure 6.1.  
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Figure 6.1: Empirical result of the research 
 
Table 6.1 
Overall performance improvements after lean implementation  
Overall Performance Improvements After Lean Implementation 
(%) 
 
Product 
Type 
Motion 
Pant 
 
Broad 
Peak 
Inner 
Jacket 
 
Classic 
Fresher 
Pant 
 
 
 
Performance 
Category  
Cost 
 
 
1.36 
 
-0.092 
 
-1.846 
  
Time 
 
5.04 
 
0.194 
 
0.2 
  
Quality 
 
6.47 
 
1.466 
 
2.618 
  
Flexibility 2.37 0.118 2.586 
   
  
 
3.81 
 
0.4215 
 
0.8895   
 
Overall performance improvements after lean implementation in terms of cost, time, 
quality and flexibility for three products are calculated and shown in Table 6.1. Taking 
average value of performance improvements after lean implementation for four performance 
categories: cost, time, quality and flexibility; overall improvement has been calculated. For 
Motion Pant, cost competitive performance improvement is calculated as 1.36% as shown in 
Table 6.1. Similarly, time, quality and flexibility performance improvements are 5.04%, 
Product Type Lean Tools and 
Techniques 
Supply chain 
performance 
Evaluation 
Quality  Flexibility  
Time  
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6.47% and 2.37% respectively. The overall performance improvement after lean 
implementation is calculated as average of 3.81%. Likewise, performance improvements for 
other two products are also calculated and mentioned in Table 6.1. Performance 
improvements for time, quality and flexibility in competitive supply chains are evident but 
performance improvement in cost is inconclusive. Performance improvement in cost metric 
was evident for medium price product but no improvement was found in high and low price 
products. There could be few possible reasons behind this finding. Time, quality and 
flexibility are also directly related to cost. Therefore, it can be explained that lean tools 
contribute to cost improvement through improvement in time, quality and flexibility mertices. 
However, more research could be conducted to explore it further.  
For all the three products, quality competitive performances for lean supply chain are 
better compared to non- lean situation. For a low priced product, the implementation of lean 
strategies does not contribute significantly to the profit generated. In this case, flexibility and 
improvement in quality can be achieved only by increasing cost, which is not feasible for 
apparel products especially for low price product. For medium and high priced products, lean 
strategies are applicable but the overall performance in terms of cost, including 
implementation costs, needs to be justified or optimized. As shown in Figures 5.4, 5.5 and 
5.6, the use of lean strategies improves time, quality and flexibility performances on average 
for all three situations which means that the market positions of the products can be improved 
by improving time, quality and flexibility (Figure 6.1). 
6.2 Discussion on Hypothesis Testing 
 
The aim of the study includes testing and validating the hypotheses proposed in Chapter 2. 
The results found in Chapter 5 show significant relationships between product type, lean tool 
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selection and supply chain performance. To continue from Chapter 5, which tested the 
research hypothesis and evaluated supply chain performances through a fuzzy TOPSIS 
method, this section will discuss the results of the hypotheses test. Findings are discussed in 
each of the following sections. 
 
6.2.1 Quantitative and qualitative metrics can be incorporated effectively into a single 
supply chain performance measurement using fuzzy TOPSIS method 
 
The first hypothesis of this study was formulated to test whether support of measuring supply 
chain performance using fuzzy logic by incorporating both quantitative and qualitative 
measures was possible. Previous studies (Beamon, 1999; Neely et al., 2005; Shepherd and 
Günter, 2006; Gunasekaran and Kobu, 2007) on supply chain performance measurements 
have emphasized measuring both financial and non-financial measures since this is crucial for 
successful operations in modern business environments. Akyuz and Erkan (2010) revealed 
that performance measurement in the current supply chain era is still an open area of research 
and adaptation of a performance measurement system requires agility and flexibility. So, an 
effective performance measurement method has always been aim for researchers and requires 
further research and exploration (Beamon, 1999; Chan and Qi, 2003; Gunasekaran et al., 
2004).  
As shown in Figure 4.2, metrics of cost, time, quality and flexibility were included in 
appropriate metrics where 74% of metrics were quantitative and 26% were qualitative 
measures. Moreover, metrics were classified to the levels and processes of the SCOR model 
(Tables 4.9, 4.14, 4.20) for all three cases. Values of appropriate metrics (where both 
quantitative and qualitative are incorporated) which were recorded in two different supply 
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chain situations, non-lean and lean, were then converted into triangular fuzzy numbers using 
interpolation and similarity rules between different metric values.  
Proposed fuzzy TOPSIS method was then used to incorporate the variations in metric 
values and to compare the supply chain performances in non-lean and lean situations. A 
performance evaluation method was used to analyse three different apparel products and the 
results show that variations in metric values can effectively be measured. Variations in 
performances in four competitive strategies: cost, time, quality and flexibility were also 
investigated by TOPSIS method.   
Measuring supply chain performance, variations in metric values and the effects of 
different competitive strategies over supply chain performance has provided sufficiently 
useful results to support the outlined hypothesis. Further, it has been able to draw certain 
inferences from the data. The significance difference of this study from other models reported 
in the literatures (Dı´az et al., 2005; Vinodh, 2010; Sun, 2010; Behrouzi et al., 2010; Ganga 
and Carpinetti, 2011) is the conversion of metric values into triangular fuzzy numbers. Most 
of the existing models used a single metric value for each situation, whereas, in this study, a 
metric value is converted from different metric values, by which performance improvements 
can be measured more effectively. Consequently, the results of method used in this study, 
combined with findings of other models, suggests that this study’s method of measuring 
supply chain performance can benefit companies, through a process of continuous evaluation 
of performance of several parameters related to cost, quality, time and flexibility, over time. 
Thus, an effective evaluation of quantitative and qualitative measures can be achieved and 
performance improvements can also be investigated using this method.   
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6.2.2 The use of lean tools improves the performance of high volume high price product 
supply chain  
 
In order to investigate the effects of lean tools on high volume high price product supply 
chain performance, the first proposition of second hypothesis was put forward. The market 
position of a product plays an important role in marketing management and strategy 
selection. Ambe (2010); Zarei et al. (2011) mentioned different attributes of products for lean 
supply chain strategy selection. Lo and Power (2010); Stavrulaki and Davis (2010) 
empirically investigated the relationships between product volume and supply chain strategy 
selection and found that high volume products were more suitable for lean supply chains. 
Moreover, the literature suggests that supply chain performance is significantly affected by 
market position (Jr et al., 2006; Lin et al., 2010). Despite these attempts, it is still necessary to 
investigate further on market position in a supply chain context (Jr et al., 2006; Min et al., 
2007).  
 This study evaluates the performance of a supply chain for a high volume and high 
price apparel product and investigates the effect of lean tools on this product’s supply chain 
performance. Due to an order of high volume with a considerable lead time, various lean 
tools have been applied throughout the supply chain of this product. The findings are similar 
to those of previous studies that have also shown a relationship between a high volume 
product and a lean supply chain (Ambe, 2010; Stavrulaki and Davis, 2010; Zarei et al., 2011). 
As shown in Table 5.5, there was an improvement in the lean supply chain performance 
(50.81%) compared to the non-lean situation (48.40%).  Results from Table 5.6 also show 
that performances in lean situations are always better than those non-lean ones for cost, time, 
quality and flexibility strategic priorities.  The findings of improved performances in lean 
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supply chains for high volume and high price products are in line with the results of previous 
studies (Min et al., 2007; Lin et al., 2010).  
Lean tools have positive effects on SCOR processes and improve the entire 
performance of high volume apparel production. Although cost competitive performances are 
marginal for the lean supply chain, the other performances such as time, quality and 
flexibility can possibly be improved due to this marginal improvement on cost. Cost 
performances for a lean supply chain need to be maintained otherwise time, quality or 
flexibility performances may drop down.  
It is interesting to find that lean tool has positive effects on not only high volume 
product performance but also high price product performance in all competitive situations. 
Consequently the result of the study for the first product combined with the findings of 
previous findings suggests that the use of lean tools improves the performance of high 
volume high price product. Moreover, lean tools applied to this product significantly improve 
supply chain performance especially in terms of time and quality.      
 
6.2.3 The use of lean tools improves the performance of low volume high price product 
supply chain 
 
Although previous studies (Ambe, 2010; Lo and Power, 2010; Stavrulaki and Davis, 2010) 
showed that high volume products are suitable for a cost leadership strategy or lean supply 
chain, there should be further investigation of the existing findings if the influence of the 
usage of lean tools and supply chain performance is to be tested for low volume and high 
price products especially for an apparel supply chain. This leads to the second proposition of 
the second hypothesis.   
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Because of a small volume of order, the company was able to apply fewer lean tools 
for this high price product. Moreover, a high price product demands significant quality 
confirmation and needs quick delivery to customers, both of which were not appropriate 
situations for a lean supply chain. This finding thus suggests that there is a very significant 
relationship between product volume and lean tool selection, which also supports previous 
studies that have investigated the same relation (Ambe, 2010; Stavrulaki and Davis, 2010; 
Zarei and Fakhrzad, 2011). The finding from the second product directly supports the claim 
made by Stavrulaki and Davis (2010), who stated that lean strategy is applicable for a high 
volume product. As shown in Table 5.10, the performances for the lean supply chain 
(48.40%) and the non-lean supply chain (48.09%) are almost equal.  Results from Table 5.11 
also support the view that performances in all competitive strategies are almost similar for 
lean and non-lean situations except in terms of quality.  The findings of similar performances 
in both the situations imply that lean tools are not suitable for low volume product. The result 
also suggests that product price has no effects on lean tools selection, which is a significant 
finding of this study. As with high volume products, cost, time and flexibility performances 
for a lean supply chain need to be upheld more rigorously than they generally are in non-lean 
situations otherwise quality may decrease.  
 
6.2.4 The use of lean tools improves the performance of high volume low price product 
supply chain 
 
Finally, the last proposed proposition tested the influence of the use of lean tools on high 
volume low price product supply chain performance. Different studies such as Yamin et al. 
(1997); Ambe (2010); Lo and Power (2010); Vijande et al. (2011) have discussed only the 
effects of volume on supply chain performance for a lean strategy. It has also been proposed 
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that market position and supply chain performance have a significant influence (Jr et al., 
2006; Min et al., 2007). As the existing literature and empirical research are inadequate in 
relation to the connection between product price and supply chain performance, the third 
proposition was investigated.  
As shown in Table 5.15 and 5.16, this study evaluates the performance of a supply 
chain for a high volume and low price product and investigates the effect on lean tool on 
supply chain performance. In the Classic Fresher Pant case, various lean tools have been 
applied throughout the supply chain of this product. This finding is in line with previous 
studies that have also shown a relationship between high volume product and lean supply 
chain (Ambe, 2010; Stavrulaki and Davis, 2010; Zarei and Fakhrzad, 2011). But the results 
from Table 5.16 show that performances in lean situations are improved for quality and 
flexibility strategic priorities whereas cost competitive performances are better in a non-lean 
situation. This finding suggests that a cost competitive lean supply chain is not the most 
suitable strategy and tool for low price apparel products. Although this is a high volume 
product, the lower product price affects the performance of the supply chain, especially in 
terms of cost competitive performance. This result is in line with a previous study by Vijande 
et al. (2011) that has also shown a negative effect between a low price product and lean 
supply chain performance although the previous study found no influence between cost 
leadership strategy or lean strategy and business performance. Significantly, this result of the 
current study also suggests that not only volume, but product price is an important factor to 
be considered.  
This is supported also by evidence concerning the effects of low cost product on 
supply chain performance. Although quality and flexibility competitive performances are 
better in lean situations, performance for the overall lean supply chain cannot be improved 
unless cost performance can be improved. Cost performances for a lean supply chain need to 
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be maintained better compared with non-lean situations otherwise time, quality, flexibility or 
overall performances cannot be achieved. A lean strategy is applicable when cost 
competitiveness dominates as a strategy and for this reason cost performance needs to be 
improved. So, the result from the third case that tested the last proposition, combined with the 
findings of previous researchers, suggests that the effects on lean tools has significant effects 
on time, quality and flexibility competitive performances for high volume low price product 
but an inverse effect on cost competitive supply chain performance. The performance of a 
lean supply chain regarding time, quality or flexibility cannot be achieved unless cost 
performance can be improved compared to the non-lean situation.   
6.3 Contributions 
 
In order to understand the contributions that have resulted from this study, it is necessary to 
examine the research objective. The aim of this study was to effectively measure the 
performance of supply chains, incorporating both quantitative and qualitative measures, and 
to investigate the effects of product type on lean tool selection and supply chain performance. 
The need to investigate these aims was established from the identification of gaps in the 
existing literature. Beamon (1999) maintained that the existing performance measurement 
models were ineffective while Gunasekaran and Kobu (2007) argued that most of the models 
have the drawback of measuring only financial metrics. Moreover, most of the models are not 
well aligned with the strategic goals of supply chains (Chan et al., 2006; Morgan, 2007; 
Gomes et al., 2011). So, it is important to measure supply chain performance effectively and 
address the relationship between product type, lean tool selection and supply chain 
performance. 
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By addressing the research aim and objective, contributions have been made in two 
areas. Firstly, this research has contributed directly to theory by proposing an effective 
method of measuring the performance of lean supply chains including both quantitative and 
qualitative metrics. Secondly, contributions have been made to practice and practitioners can 
benefit from the findings achieved by this study. The details of contributions are discussed in 
the following sections. 
6.3.1 Contribution to theory 
 
An effective way of measuring supply chain performance was proposed, with a fuzzy 
TOPSIS based evaluation method being applied since fuzzy logic is mostly suitable where 
performance metrics are both quantitative and qualitative in nature. A series of values 
regarding quantitative metrics was first recorded and then converted into triangular fuzzy 
numbers using interpolation and similarity rules. Fuzzy linguistic terms were used to convert 
qualitative metric values into triangular fuzzy numbers. Then a fuzzy TOPSIS method was 
applied to evaluate supply chain performances in two situations: lean and non-lean. TOPSIS 
is an appropriate method of identifying the best situation among different alternatives using 
the positive and negative distances of each alternative.  
This study has contributed to theory by proposing a new measurement model. 
Quantitative values are first converted into fuzzy numbers rather than used in the model 
directly. Since, triangular fuzzy numbers have three values; these values provide a more 
accurate result compared to the use of single value. Variations in metric values as well as 
improvements in different supply chain situations are effectively incorporated in the model. 
Previously TOPSIS methods were used for selecting the best alternative supplier while this 
study has shown an effective way of measuring performance improvements in the lean supply 
chain, which is a new finding in the theory of supply chain performance evaluation methods. 
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In this research, appropriate performance metrics were proposed which is an 
alternative way of measuring supply chain performances for both non-lean and lean 
strategies, incorporating quantitative and qualitative metrics. The metrics were based on the 
findings of previous researchers (Beamon, 1999; Gunasekaran et al., 2001; Shepherd and 
Günter, 2006). Appropriate metrics are based on the SCOR framework developed by SCC.  
While many previous studies such as Huan et al. (2004; Lockamy and McCormack 
(2004); Thakkar et al. (2009) investigated supply chain performances based on five decision 
areas (plan, source, make, deliver and return) provided in the SCOR model, they failed to 
provide a common framework to measure performance in lean and non-lean situations. 
Appropriate metrics, which is shown in Figure 4.2, has strengthened the argument for 
measuring supply chain performance continuously. This framework has been further 
empirically investigated and supported which provides a contribution to knowledge in the 
supply chain area.  
The findings of this research have shown different and new relationships between 
product type, lean tool selection and supply chain performance. Previous researchers such as 
Ambe (2010); Stavrulaki and Davis (2010); Zarei and Fakhrzad (2011) mentioned that a high 
volume product is suitable for lean strategy implementation in the supply chain. Moreover, 
Lo and Power (2010) empirically investigated the relationship between product nature and 
supply chain strategy and found a similar result. But the findings of this study (Tables 5.6, 
5.11 and 5.16) show that performances of a lean supply chain are better than a non-lean 
situation for a high volume high price product and for a low volume high price product. 
However, performance was not noticeably improved for a high volume low price product. 
These results clearly explain that the volume of production only affects lean tool selection 
while product price significantly affects performance. So, this study has extended the theory 
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of the supply chain by providing a new relationship between product price with supply chain 
performance.    
Finally, this study has shown an interesting result regarding supply chain competitive 
strategy and supply chain performance. Previously several attempts have been made to align 
competitive strategies with supply chain performance (Boyer and Lewis, 2002; David et al., 
2008; Soni and Kodali, 2011). Findings from Figures 5.4 to Figure 5.6 show that time, 
quality and flexibility performances are better for a lean supply chain while cost 
performances are better only for lean supply chain for a high volume high price product.  
6.3.2 Contribution to practice 
 
The lean supply chain performance evaluation model proposed in this research will be a 
significant improvement to the existing analysis methods since this study evaluates the 
performance of the entire supply chain considering the effects of lean tools, competitive 
strategy and product type. The values of different performance metrics are collected from real 
life supply chain and converted into fuzzy numbers to incorporate both quantitative and 
qualitative measures. Changes in values and improvements are measured by a fuzzy TOPSIS 
method which provides new managerial insights into performance measures selection and 
improvement. Specifically, it can be used to strengthen the functions of SCM decision 
support systems, especially for providers of business performance management or business 
intelligence software, and companies using these decision-support tools for performance 
improvement. The fuzzy number generations from metric values can be coded in Mat LAB, 
which can be of benefit to managers and engineers to analyse the improvements in supply 
chain performances. This faster calculation will provide a quick scenario of supply chain 
performance as well as a clear overview of the business. Furthermore, existing opportunities 
to loosen the assumptions from the standard ones within the software will not affect the 
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model adversely, since the model is capable of and has carried out different analysis in 
different situations and under different strategies.   
 The framework and evaluation methodology can serve as a useful modelling tool in 
analysing dynamic improvement problems. In general, identification of improvements in 
performances will provide critical pieces of information which would help managers of 
supply chains to better grasp the main facets of supply chain performance and take the right 
actions to enhance the overall performance. Hence, it is a useful tool for speeding up 
performance improvements in dynamic supply chain decision-making environments through 
identifying groups of critical indicators and improvement patterns through analysing the 
relationship matrix. Results show improved performances in time, quality and flexibility 
competitive situations that can provide significant guidance for managers to concentrate more 
on these factors to improve supply chain performance and achieve greater success in business 
objectives. This approach not only supports organizations to respond to the changes much 
faster, but also enables scholars and researchers to move forward with further work. 
6.4 Limitations, Recommendations and Suggestions for Future Research 
 
This section of the thesis makes some suggestions for further research and concludes with a 
general observation on the significance and the increasing importance of supply chain 
research in the field of performance evaluation and supply chain management. 
The investigated research model relies on strong theoretical foundations and has been 
validated by implementing in an apparel industry. It would be valuable for future studies to 
further examine the hypothesized relationships with different approaches and probably in 
different situations. These could preferably be tested by multiple case study approach. 
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This research has resulted in the determination of lean supply chain performance by 
examining appropriate performance metrics within the cases examined for apparel products. 
Effects of different products on performance are also examined while results from this study 
suggest a positive relationship between product volume to lean tool selection and product 
price to supply chain performance. Related work for different products other than apparel 
would be of interest to practitioners and researchers alike. The propositions derived from this 
research require broader testing in other contextual settings.  
 This study draws data from a broad range of supply chain contexts without suppliers’ 
involvements. Data from the entire supply chain including suppliers and vendors will 
potentially yield a valuable and more accurate evaluation of lean supply chain. Since, this 
study primarily focused on manufacturing and collected data primarily from various 
departments within the manufacturing company, future research might also include data from 
suppliers as well as buyers to better gauge the degree of integration within the larger supply 
chain that is both upstream and downstream.  
 The sampling frame of this study came from apparel companies and related 
organizations. Future studies could focus on other enterprises and industries and examine the 
relationship of supply chain performance with respect to product market position and lean 
tool selection. It is also suggested that, if possible, future research could include more 
performance metrics in other contexts for more accurate findings. Other factors for market 
position such as profit margin, inventory, and product life cycle could also be taken into 
account and their effects on supply chain performance examined. 
Finally, in general, it is also hoped that the framework that has been proposed and 
validated in this research can form the basis for future studies of a scholarly nature and, 
through this, broaden and deepen our understanding of how market positions of apparel 
products and lean tool selection are linked to firm performance. 
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Appendices 
 
Appendix A 
 
 
Interview Guide 
 
The interview guide consists of four major sections for supply chain perspectives which are 
buyer, suppliers, manufacturers and logistics. The details of the questionnaires are given 
below:  
 
a) How many orders/ year? 
b) Who are the main buyers and suppliers for your products? 
c) Please fill out the below four sections for three different products: 
• High manufacturing time, medium price style/ product 
• High manufacturing time, high price style/ product 
• Low manufacturing time, low price style/ product 
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Inductive Questions If required, the interviewer will clarify any terms for interviewees  
 
Section 1 – Buyer perspective 
1 
Does your buyer require applying any lean tools, training and techniques in your 
company? 
Y       N   
If so, what lean practices have you put in place to speed up your buyer satisfaction?                                                               
2 
Do you think the tools and training affect your company positively? Y       N  
If so, what are the effects on company performance and vice versa?  
3 What are the selling prices for the products quoted from buyer before and after lean implementation?                                                                                                                             
4 What are the lead times for the product?                                                                                                                             
5 
Is there any specific quality requirement from your buyer? Y       N  
If so, what are the required quality specifications and what is the relation with your 
buyer in case of quality issue?   
6 What is the way of communication with your buyer? How does it cost?   
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Section 2 – Supplier perspective 
1 How many suppliers do you have? Are all recognized by your buyers?                                                               
2 
Do your suppliers apply any lean tool in their organization?  Y       N  
If so, How does it affect your company and particularly the supplies you purchase?  
3 What are the accessories you require for the particular product and supply chain?                                                                                                                             
4 
Which supply does take the longest lead time into your company? What are the lead 
times for that supply?                                                                                                                             
5 What are the percentages of good supplies for the product?   
 
 
Section 3 – Manufacturer perspective 
1 
Do you apply any lean tools, training and techniques in your company? Y       N   
If so, what lean practices have you put in place to speed up your production?                                                               
2 
Do you think the tools and training affect your company positively? Y       N  
If so, what are the effects on company performance and vice versa?  
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3 What are the manufacturing prices for the products before and after lean 
implementation? 
                                                                                                                            
4 What is the manufacturing cost (Overhead cost, direct material cost, direct labor 
cost) for the product?  
                                                                                                                            
5 How efficiently the production lines produce? Specifically, in how many lines 
the products manufacture?  
  
6 
Are you practicing any forecasting techniques, planning tools in your company? Y       N   
If so, what are the accuracy and effectiveness of forecasting and planning 
techniques? 
                                                                                                                            
7 What is the inventory status of the product? Do you measure the cost associated 
with inventory?  
  
 
Section 4 – Logistic perspective 
1 How do you deliver your products to buyer? What are the delivery cost and time?                                                               
2 Does your buyer satisfy with your delivery? What is the quality of delivery to buyers?   
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